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ORIGIN  AND  DESCRIPTION 


The  origin  of  the  soybean  is  lost  in  antiquity.    Ancient  Chinese  litera- 
ture, however,  reveals  that  it  was  extensively  cultivated  and  highly 
valued  as  a  food  as  far  back  as  written  records  were  kept.    The  oldest 
recorded  evidence  of  soybean  existence  is  found  in  a  description  of  the 
plants  of  China  written  by  the  Chinese  emperor,  Sheng  Nung,  in  2838  B.C. 
Soybeans  are  mentioned  repeatedly  in  later  Chinese  records.    These  rec- 
ords which  deal  with  methods  of  culture,  varieties  for  different  purposes, 
and  numerous  uses,  indicate  that  the  soybean  is  perhaps  one  of  the  oldest- 
crops  grown  by  man.    For  a  long  time  soybeans  have  been  considered  the 
most  important  legume  in  China  and  one  of  the  five  sacred  grains  essen- 
tial to  the  existence  of  Chinese  civilization. 

The  production  of  soybeans  was  tried  in  England,  France,  Germany,  and 
Hungary  in  the  seventeenth  century  but  their  culture  did  not  become  com- 
mercially established  in  European  agriculture  until  within  recent  years. 

Soybeans  were  first  mentioned  in  American  literature  in  1804-  when 
James  Mease  urged  their  culture  in  Pennsylvania.    In  1889  several  varie- 
ties were  brought  to  this  country  from  Japan  by  the  Massachusetts  Agri- 
cultural Experiment  Station,  but  not  until  1898  did  the  U.  S.  Department 
of  Agriculture  begin  introducing  soybeans  from  foreign  sources  for  pro- 
duction in  the  United  States.    Prior  to  1898  there  had  been  only  eight 
varieties  of  soybeans  in  this  country.    By  1907  there  were  23  varieties 
described  as  known  in  the  United  States  3  by  1913,  the  number  had  in- 
creased to  4-27]  and  by  1925,  to  1,133.    In  all,  more  than  10,000  intro- 
ductions have  been  made  by  the  Department  from  China,  Manchuria,  Japan, 
Korea,  Java,  Sumatra,  and  India,  representing  more  than  2,500  distinct 
types . 

Though  introduced  and  grown  largely  at  first  as  a  forage  crop,  the  cul- 
tivation of  soybeans  as  a  commercial  seed  crop  soon  became  of  primary 
importance.    The  expansion,  since  1925,  in  soybean  seed  production, 
processing,  and  utilization  has  been  one  of  the  most  phenomenal  develop- 
ments in  American  agriculture.    This  crop  now  appears  firmly  established, 
and  the  oil  produced  from  soybeans  has  come  to  fill  an  important  place  ' 
in  the  domestic  vegetable  oil  supply  and  economy, 

The  soybean  (So  ja  max  (L)  Piper)  is  a  leguminous  summer  annual.  The 
stem  is  rather  woody  and  may  range  from  1  to  6  feet  in  height  but  is  usu- 
ally 2  to  3-1/2  feet  tall  with  five  or  six  main  branches  upon  which  are 
borne  the  leaves  and  clusters  of  seed  pods.    The  pods  generally  are  1  to 
2-1/2  inches  long  and  contain  from  one  to  four  seeds  which  vary  in  size 
and  color  with  the  variety.    The  seeds,  if  unicolored,  may  be  straw 
yellow,  olive  yellow,  green,  brown,  or  black,  when  mature.  Bicolored 
seeds  occur  in  some  varieties,  the  most  common  combinations  being  green 
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or  yellow  with  "saddles"  of  black  or  brown;  some  varieties  have  a  brindled 
brown  and  black  pattern.    The  stems,  leaves 5  and  seed  pods  are  covered 
with  short,  reddish  brown  or  gray  hairs . 

From  the  large  number  of  varieties  introduced  into  the  United  States,  wide 
differences  have  been  encountered  in  size,  shape,  color,  composition, 
quality  of  seed,  length  of  time  required  to  reach  maturity,  and  adapta- 
tion to  soil  and  climatic  conditions.    Selection  from  this  large  collec- 
tion has  resulted  in  more  than  100  named  varieties  being  now  available  for 
production  in  the  United  States.    Others  are  under  further  test  by  the 
•  U.  S.  Department  of  Agriculture  and  several  State  agricultural  experiment 
stations. 

Soybeans  are  grown  both  for  forage  and  seed  production.     Of  those  suited 
for  seed,  only  a  few  are  especially  adapted  for  use  as  human  food;  by  far 
the  greater  proportion  of  seed  production  being  for  processing  into  oil 
and  meal.    Yellow-seeded  varieties  are  the  "type  preferred  for  seed  produc- 
tion, but  they  may  also  be  used  for  forage  purposes  if  heavier  rates  of 
seeding  are  used.    Black-  or  brown-seeded  varieties  are  generally  used 
for  forage  and  are  for  the  most  part  smaller-seeded,  finer-stemmed,  and 
more  leafy;  and  they  contain  lower  percentages  of  oil  than  the  yellow- 
seeded  varieties.    Generally,  straw-yellow  or  olive-green  seeded  varieties 
are  the  most  suitable  for  eating  purposes  either  as  dry  or  as  green  beans. 
They  cook  easily  and  have  a  mild  and  nutty  flavor.    As  this  report  is  con- 
cerned chiefly  with  the  industrial  utilization  of  soybeans,  emphasis  will 
be  given  herein  to  varieties  recommended  for  seed  production  for  such 
purposes. 

In  the  United  States  the  following  varieties,  classified  according  to  use 
and  length  of  growing  season,  have  been  recommended  by  the  agronomy 
specialists,!./  of  the  Bureau  of  Plant  Indus  try,  Soils,  and  Agricultural 
Engineering,  U.  S.  Department  of  Agriculture,  for  production: 

For  industrial  uses: 

¥ery  early  (100  days  or  less ) : 

Manchukota,  Mandarin,  Mins oy. 

Early  (101  to  110  days): 

Dunfield,  Earlyana,  Elton,  Habaro, 
Illini,  Lincoln,  Manchu,  Mandell, 
Mingo,  Mukden,  Ontario,  Richland, 
Seneca,  Viking. 

Medium  early  (111  to  120  days ) : 

Chief,  Harbinsoy,  Mansoy,  Patoka,  Scioto. 


zf  Soybeans:    Culture  and  varieties.    By  H,  J.  Morse  and  J.  L.  Cartter, 
U.  S.  Department  of  Agriculture,  Farmers'  Bull.  1520,  November  1939. 
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Medium  (121  to  130  days): 

Boone ^  Gibson,  Macoupin. 

Medium  late   (131  to  140  days ) : 

Arksoy,  Easycook,  Haberlandt,  Herman, 
Hollybrook,  Magnolia,  Morse,  Ogden, 
Ralsoy,  Tokyo . 

Late  (14-1  to  160  days  ) : 

Clcmson,  Hayseed,  Mamloxi,  Mammoth 
Ye  Hot/,  Mamredo,  Mis  soy,  Volstate, 
IToods  Xellow, 

Very  late  (161  o  r  more  days ) : 

Charles,  Creole,  Dolnoshat. 

For  forage  purposes: 

Very  early  (100  days  or  less): 

Cayuga,  Ogemaw,  Soysota,  'Wisconsin 
Black. 

Early  (101  to  110  days ) : 
A.K.,  Black  Eyebror;. 

Medium  early  (111  to  120  days): 
Harbins  oy ,  I Is  oy . 

Medium  (3-21  to  130  days): 

Ebony,  Kingwa,  Norredo,  Peking, 
Virginia,  ':ilscn,  Uilson-Fivo . 

Meoium  late  (131  to  14.0  days ) : 

Laredo,  Mammoth  Brown,  Tarheel  Black. 

Late  (141  to  160  days): 

Clemson,  Hayseed,  Missoy. 

Very  late  (161  or  more  days): 

Avoyelles,  Biloxi,  Charlee,  Creole,  Georgian, 
Monetta,  Otootan,  Palmetto,  Yelred^. 

For  food  purposes: 

Very  early  (100  days  or  less): 

Green  vegetable  -  Agate,  Sioux,  Giant  Green 
Hidatsa,  Sac.  Dry  edible  -  Giant  Green  Hidatsa,  Sac 


Early  (101  to  110  days): 

Green  vegetable  -  Bansei,  Chusei,  Etum 
Kanro,  Kanum 

Dry  edible  -  Bansei,  Chusei,  Goku,  Kanro, 
Kanum. 

Medium  early  (111  to  120  days): 

Green  vegetable  -  Emperor,  Hakote,  Hokkaido, 
Jo  gun,  Kura,  Sousei,  TJillomi,  Wolverine. 
Dry  edible  -  Emperor,  Hokkaido,  Jogun,  Sousei, 
Willomi ,  Wo  lve r ine . 

Medium  (121  to  130  days): 

Green  vegetable  -  Funk  Delicious,  Hahto, 
Imperial. 

Dry  edible  -  Funk  Delicious,  Hahto,  Imperial. 

Medium  late  (131  to  140  days): 

Green  vegetable  -  Aoda,  Higan,  Rokusun 
Dry  edible  -  Easycook,  Higun,  Rokusun 
Tokyo . 

late  (1^1  to  160  days): 

Green  vegetable  -  Delsoy,  Jackson,  Jefferson, 

Uanda 

Dry  edible  -  Delsoy,  Jefferson,  Nanda. 

Very  late  (161  or  more  days ) : 

Green  vegetable  -  Cherokee,  Seminole 
Dry  edible  -  Seminole 


STRUCTURE 

The  soybean  seed  is  made  up  of  the  seed  coat  and  the  embryo.     The  seed 
coat  or  hull  is  that  part  of  the  seed  which  encloses  the  embryo  and  is 
relatively  thick  and  hard.     The  embryo  consists  of  the  seed  leaves 
(cotyledons),  the  root  (radicle),  the  shoot  (plumule),  and  the  part  of 
the  embryo  (hypocotyl)  between  the  attachment  of  the  cotyledons  and  the 
upper  end  of  the  rudimentary  root.    The  seed  has  little  or  no  endosperm 
the  latter  being  absorbed  by  the  developing  embryo  before  the  seed  is 
fully  developed. 

The  average  soybean  seed  consists  of  approximately  8  percent  seed  coat 
and  92  percent  embryo,  the  latter  being  97.8  percent  cotyledons  and  2.2 
percent  other  embryonic  organs.     Table  1  shows  the  proportion  and  com- 
position of  the  various  parts  of  the  soybean  seed. 
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Table  1.-  Proportion  and  composition  of  the  component 
parts  of  soybean  seed 


Component  part  : 

Proportion 
of  seed 

Moisture 

Protein 
;(N  x  6.25) 

Carbo- 
hydrates 

•    Fat    :  Ash 

Seed  coat 

Embryo : 
Cotyledons 
Other  organs 

Percent         Percent     Percent     Percent  Percent  Percent 

•        8              12.53         7.00        21.02.      0,60  3.83 

90              10.57        41.33        14.60     20.75  4.38 
'       90              10.57        41.33        14.60     20.75  4.38 
:        2              12.01        36.93        17.32     10.45       4. OS 

Source:    Data  from  "The  composition  and  characteristics  of  soybeans, 
soybean  flour,  and  soybean  broad"  by  L.  H.  Bailey,  et  al. 
Cereal  Chem.  Vol.  12,  No.  5.    Sept.  1935. 


Soybean  seeds  range  in  weight  from  0.75  gm.  per  100  seeds  for  certain 
small-seeded  wild  types  to  35.0  gm.  per  100  seeds  for  certain  large- 
seeded  edible  types.    Common  commercial  types  for  industrial  use  aver- 
age from  about  13.0  to  16.0  gm.  per  100  seeds.    Among  the  'latter,  industry 
has  no  particular  preference  for  cither  the  large-  or  small-seeded 
varieties.    Farmers,  however,  prefer  smaller  seeded  varieties  because 
they  emerge  through  a  crusted  soil  surface  with  less  difficulty  and  be- 
cause the  larger  number  of  seeds  per  bushel  permits  a  lower  seeding 
rate , 

In  shape,  soybeans  may  be  flat,  oval,  or  round,  according  to  variety. 
Shape,  however,  is  not  important  in  its  effect  upon  industrial  proc- 
essing or  other  uses. 

CHEHICAL  CO!  IPOSIH  ON 

From  the  standpoint  of  industrial  processing,  the  principal  interest  in 
the  composition  of  soybean  seed  is  in  the  content  and  quality  charac- 
teristics of  its  protein  and  oil  constituents. 

There  are  voluminous  data  in  the  literature  concerning  the  chemical 
composition  of  soybeans  and  also  of  the  effect  of  variety,  environment, 
soil  fertility,  etc.,  on  the  characteristics  and  relative  proportions 
of  their  various  chemical  constituents,  but  only  enough  of  these  data 
will  be  summarized  and  presented  in  this  report  to  give  a  general 
picture. 
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The  chemical  composition  of  soybean  seed  as  influenced  by  variety,  en- 
vironment, and  soil  fertility  level  was  given  detailed  analysis  by 
Cartter  and  Hopper.-/    Summarily,  they  found  that  varieties  and  strains 
of  soybeans  inherit  qualitative  and  quantitative  composition  tendencies, 
but  that  environment  and  soil  fertility  level  also  have  an  important  in- 
fluence thereon.    As  regards  specific  constituents  or  characteristics 
they  report  as  follows: 

In  general,  the  oil  content  of  the  soybean  seed  is  most  specifically  a 
varietal  characteristic,  and  the  iodine  number  of  the  oil  is  about 
equally  influenced  by  variety  and  climate  under  the  conditions  observed 
in  their  investigations.     The  percentages  of  oil  and  total  sugars  usu- 
ally vary  in  the  same  direction  and  inversely  with  the  percentages  cf 
protein.    No  large  variations  were  observed  in  the  percentages  of  crude 
fiber  in  the  seed  and  unsaponifiable  matter 'in  the  oil,  but  there  was  ob- 
served some  variation  in  these  constituents' due  to  variation  in  seed  size 
and  ratio  of  seed  coat  to  cotyledon.    Temperature  levels  significantly 
influenced  the  calcium  content  of  the  seed  produced  by  a  given  variety. 
Invariably,  high  calcium  .content  resulted  when  the  soybeans  were  grown  at 
high  temperatures.    Total 'ash,  phosphorous,  and  potassium  content  of  the 
seed  appeared  to  be  influenced  more  by  soil  type  ar.d  fertility  than  by 
variety  or  variations  in  climate. 

Data  summarized  in  table  2  show  the  chemical  composition  of  10  varieties 
and  strains  of  soybeans,  studied  by  Cartter  and  Hopper,  and  the  range  in 
content  of  various  constituents  of  soybeans  grown  at  five  locations  during 
the  five-year  period,  1936-40. 

Table  3  contains  results  of  hundreds  of  analyses  by  the  U.  S.  Department 
of  Agriculture,  reported  by  L.  H.  Bailey,  et  al.  on  the  chemical  composi- 
tions of  many  varieties  of  soybeans  grown  under  divers  environments. 

Fro tein 

Protein  makes  up  a  larger  percentage  of  the  soybean  than  any  other  of  its 
constituents.  Moreover,  it  has  many  uses;  as  human  food,  livestock  feed, 
and  as  an  industrial  raw  material.  Soybean  protein  also  contains  many  of 
the  biologically  essential  amino  acids  which  contribute  to  its  value  both 
in  human  nutrition  and  as  a  protein  concentrate  in  feeding  livestock. 


Cartter,  J.  L.  and  Hopper,  T.  H.    Influence  of  variety,  environment, 
and  fertility  level  on  the  chemical  composition  of  soybean  seed. 
U.  S.  Dept.  Agr.  Tech.  Bui.  787  (3-942)." 
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The  commonest  form  in  which  soybean  protein  is  available  on  the  market  is 
oil  neal,  but  it  is  also  the  main  constituent  of  suy  flour  and  other  edi- 
ble soybean  products,  and  it  is  marketed  in  a  purified  form  for  various 
industrial  uses. 

lido  variations  in  the  protein  content  of  soybeans  occur  as  the  result  o£ 
differences  in  variety,  environment,  and  soil  fertility,  and  the  protein 
content  of  soybean  oil  meal  is  directly  related  to  "the  prote?*.n  content  of 
the  soybeans  used  in  processing.    However,  because  the  great  bulk  of  the 
soybeans  processed  for  oil  in  this  country  consists  of  only  a  few  varie- 
ties grown  principally  in  a  relatively  small  area,  the  processor  normally 
finds  that  the  oil  meal  he  produces  does  not  vary  a  great  deal  in  protein 
content  from  one  lot  of  beans  to  another. 
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Tabic  2.-  The  average  percentage  of  protein,  oil,  total  sugar,  crude 
fiber,  and  total  ash,  and  iodine  number,  of  10  varieties 
and  strains  of  soybeans  grovm  at  five  locations V 
during  the  five-year  period  1936-40 


Variety  or 
strain 

Moisture 

-free  basis 

Iodine 

Protein 
'.  (N  x  6.25) 

:    Oil  '•' 

Total  ' 
sugar^/ . 

Crude  , 
fiber!/ 

!  Total  '. 
ash.  . 

TUlTlhCT1 

of  oil 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Mandarin  : 

46.42 

18.16 

6.76 

5.39 

5.37 

127.6 

Mukden 

45.76 

19.26 

6.83 

5.33 

5.00 

124.6 

Dunfield,  A 

41.38 

20.97 

5.34 

4.65 

124.9 

Dunfield,  B 

:  41.42 

20.91 

8.40 

5.45 

4.61 

.124.4 

Illini 

42.59 

19.99 

8.83 

5.26 

4  •  8 1 

130.5 

Manchu  : 

44.06 

19  ZO 

7.78 

5.42 

5  12 

1^0  2 

Scioto  : 

42.47 

20.29 

8.22 

5.23 

5.17 

133.0 

T-117  : 

41.86 

20.37 

8.61 

5.51 

5.02 

123.9 

Peking  : 

40.58 

17.07 

7.50 

6.48 

5.21 

137.7 

Boone  : 

42.18 

19.91 

8.58 

5.80 

4.97 

TOO  f> 

i/  Grovm  at  Ames,  Iowaj 

Columbia,  Mo 

. 1  Urbana 

,  Hl.j 

LaFayette, 

Ind.  j 

and  Columbus,  Ohio. 


zl  Calculated  as  sucrose. 

2/  Average  of  only  4  years,  1936-39. 

Source:     Influence  of  variety,  environment,  and  fertility  level  on  the 
chemical  composition  of  soybean  seed.    By  J.  L.  Cartter  and 
T.  H.  Hopper.    U.  S.  Dept.  Agr.  Tech.  Bui.  787.    May  1942. 
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Table  3.-  Minimum,  maximum,  and  average 
chemical  composition  of  soybeans 


Cons  tituent 

'  Minimum. 

p  Maximum 

Average 

Fercent 

Percent 

Fercent 

Moisture 

5.02 

9.42 

8.0 

Ash 

3.30 

6.35 

4.6 

Fat 

13.50 

24. 

±0  •  0 

'<          0  53/ 

6  °7 

rrotein  \ii  x.  o.<o ,) 

renx.osa.no 

s>»  1 1 

Sugars 

5.65 

9.46 

7.0 

Starch-like  substances 
by  diastase 

4.65 

•3.97 

5.6 

p2°5 

1.50 

2.13 

1.7 

K2° 

2.01 

2.64 

2.3 

CaO 

.49 

.63 

.5 

MgO  : 

.46 

.55 

.5 

These  data  include  many  varieties 

grown  under 

divers  envi 

ronments . 

Source:    Soybeans,  soybean  flour,  and  soybean  bread.    By  L.  H.  Bailey, 
et  al.    Cereal  Chem.  Vol.  12,  No.  5.    Sept.  1935. 
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Oil 

The  oil  content  (moisture-free  basis)  of  soybeans  may  range  from  approxi- 
mately 13.5  to  24  percent  of  the  total  weight  of  the  seed.    Leading  com- 
mercial varieties  usually  contain  from  about  18  to  21  percent  oil.  Nearly 
99  percent  of  the  oil  is  found  in  the  cotyledons;  the  remainder  is  in 
other  parts  of  the  embryo  and  the  seed  coat  (see  table  1).    Soybean  oil 
consists  of  the  glycerides  of  saturated  and  unsaturated  fatty  acids  and  a 
number  of  ether  lipid  materials.     These  latter  include  the  phosphatides, 
sterols,  long-chain  hydrocarbons,  alcohols,  ketones,  free  fatty  acids,  pig- 
ments, vitamins,  antioxidants,  and  small  amounts  of  nonlipid  gummy  or 
mucilaginous  substances.    The  approximate  fatty  acid  composition,  corre- 
sponding to  an  iodine  value  of  130,  is:    14,6  percent  saturated,  25.3  per- 
cent oleic,  55.0  percent  linoleic,  and  5.1  percent' lino lenic  acids. 
Table  4  shows  the  fatty  acid  composition  of  various  soybean  oils.  The 
type  and  amount  of  the  various  lipids  which  may  be  present  in  the  oil  are 
influenced  both  by  the  variety  of  seed  and  the  environment  during  growth. 

Because  of  the  many'  factors  which  may  affect  the  occurrence  of  and  compo- 
sition of  oil  within  the  soybean,  it  is  not  surprising  that  considerable 
variation  is  met  with  in  the  oil'  content  of  soybeans  and  in  the  charac- 
teristics of  the  oil.    However,  although  the  oil  from  a  particular  lot  of 
soybeans  may  differ  considerably  in  quantity  and  quality  from  another, 
commercial  soybean  oils  are  much'  more  uniform  owing  to  the  practice  of 
mixing  of  different  lots  of  seed,  or  of  different  batches  of  oil  during 
processing.    Also,  the  numerous  refining  operations  tend  to  eliminate  much 
of  the  secondary  materials,  especially  gums,  phosphatides,  free  fatty 
acids,  unsaponifiable  matter,  and  pigments. 

There  are  many  evaluations  of  certain  physical  and  chemical  characteris- 
tics or  properties  which  may  be  applied  to  soybean  oil  in  order  to  deter- 
mine its  quality,  freedom  from  associated  impurities  or  adulterants, 
adaptability  to  various  processes  or  uses,  and  for  other  purposes.  Some 
of  these  tests  are  important  only  for  highly  specialized  applications  or 
processes,  whereas  others  apply  to  properties  which  must  always  be  known 
and  so  have  been  made  the  basis  of  trading  rules  for  buying  and  selling 
soybean  oil.    Most  crude  soybean  oil  is  bought  and  sold  in  accordance 
with  trading  rules  established  by  the  National  Soybean  processors 
Association,  an  organization  representing  the  largest  part  of  the  soybean 
crushing  industry.    There  are  two  s'ets  of  these  rules,  one  applying  to 
crude  oil  for  edible  purposes  and  one  to  crude  soybean  oil  for  technical 
uses. 

Crude  soybean  oil  for  edible  purposes  : 

The  trading  rules  applying  to  crude  soybean  oil  for  edible  use  have  re- 
cently been  modified  considerably,  and  because  of  "wartime  developments 
in  the  food  supply  situation,  they  are  quite  subject  to  change.  In 
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their  present  (July  194-6)  form,  they  provide  discounts  based  on  the  amount 
of  green  color  in  the  crude  oil  and  the  amount  of  sludge  which  settles 
to  the  bottom  of  the  tank  car  in  transit.    At  times,  discounts  have  been 
applied  on  Hie  basis  of  refining  loss  and  the  color  of  the  oil  after  re- 
ceiving a  standard  refining  and  bleaching  treatment. 

Refining  loss  is  the  percentage  of  oil  not  recoverable  as  such  from  a 
laboratory  refining  of  the  crude  oil,  carried  out  in  a  rigidly  specified 
manner  approximately  assimilating  plant  practice.    It  is  indicative  of 
the  amount  of  material  that  the  refiner  must  discard  as  lower-priced  soap 
stock  and  bears  a  rough  relation  to  the  content  of  free  acids,  phospha- 
tides, and  similar  materials  in  the  oil.    At  present,  refining  loss  is 
not  a  discount  factor  in  soybean  oil  marketing,  but  attempts  are  being 
made  to  adopt  trading  rules  which  provide  for  discounts  or  premiums  for 
high  or  low  refining  loss  at  the  rate  of  0.75  percent  of  the  purchase 
price  for  each  1  percent  of  loss,  the  basis  being  some  value  yet  to  be 
agreed  upon  in  the  neighborhood  of  6  percent. 

Green  color  of  the  crude  oil  is  an  important  factor  in  the  grading  of 
oils  obtained  from  so-called  green-damaged  soybeans,  in  which  exceptional 
climatic  or  other  conditions  have  arrested  development  of  the  seeds  prior 
to  their  attaining  full  maturity.    These  oils  are  often  a  brilliant  green 
instead  of  yellow,  and  the  removal  of  the  green  color  involves  an  unusu- 
ally drastic  bleaching  treatment,  with  consequent  additional  expense  to 
the  refiner.    The  degree  of  green  coloration  is  determined  by  matching 
the  oil  against  specified  solutions  of  nickel  sulfate,  and  discounts  are 
applied  in  accordance  with  whichever  of  three  grades,  Nos.  1,  2,  and  3, 
the  oil  is  classified. 

The  importance  of  color  in  a  finished  product,  in  edible  oil  technology, 
arises  from  the  necessity  for  producing  nearly  snow-white  shortenings  and 
similar  products  in  order  to  meet  consumer  preference.    Besides  the 
green  color  in  the  oil,  caused  by  arrested  maturity  of  the  soybeans,  an- 
other type  of  color  is  taken  into  account  by  the  trading  rules,  namely, 
the  Lovibond  red  color  after  application  of  standard  laboratory  refining 
and  bleaching  tests.    A  high-red  refined  bleach  color  is  difficult,  and 
sometimes  impossible,  to  remove  without  resorting  to  drastic  bleaching 
treatments  which  are  expensive-  and  which  often  impair  the  keeping  quality 
of  the  oil.     Indeed,  a  high-red  color  in  refined,  bleached  oil  is  vastly 
more  deleterious  to  the  quality  of  the  finished  products  than  is  the 
green  color  imparted  to  crude  oils  because  of  frost  damage*    There  are 
many  causes  of  red  color  in  refined  and  bleached  oil,  but  the  most  im- 
portant is  so-called  "field  damage"  to  the  soybeans  from  which  the  oil 
is  obtained.    Field  damage  occurs  when  the  beans  are  not  harvested 
promptly  after  reaching  maturity  and  is  the  result  of  bacterial  and  other 
forms  of  decomposition  while  the  beans  are  exposed  to  extended  periods  of 
wet  weather.    Similar  damage  is  often  caused  by  Improper  soybean  storage 
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conditions.    At  present,  no  discounts  are  specified  in  the  oil  trading 
rules  for  various  degrees  of  red  color  in  refined  and  bleached  soybean 
oil  destined  for  consumption  in  edible  products,  but  such  discounts 
may  be  applied  at  some  future  date. 

When  a  tank  car  of  crude  soybean  oil  arrives  at  the  refinery,  there  is 
ordinarily  a  deposit  of  sludge  in  the  bottom.    This  is  caused  by  the  pre- 
cipitation of  phosphatides  and  other  impurities,  together  with  a  certain 
amount  of  oil  which  is  physically  entrained.    In  many  soybean  mills 
various  treatments  are  employed  for  removing  sludge -forming  cpntamin  nts 
before  the  oil  is  shipped,  for  a  penalty  is  assessed  by  the  buyer  for 
sludge  content  of  greater  than  150  pounds  per  tank  car. 

Crude  soybean  oil  for  technical  purposes : 

Prior  to  about  1930,  almost  all  of  the  soybean  oil  was  used  in  paints, 
varnishes,  and  similar  industrial  products.    Standard  specifications  for 
the  oil  were  consequently  applied,  based  upon  characteristics  which  arc- 
important  to  the  paint  and  varnish  industry.    \7ith  the  subsequent  shift 
of  soybean  oil  consumption  into  food  channels,  these  specifications  have 
become  less  important,  exccp>t  in  special  cases  in  which  it  is  stipulated 
that  the  oil  is  destined  for  technical  uses.    The  National  Soybean 
Processors    Association's  present  standards  are  outlined  in  table  5. 

Iodine  number,  as  a  measure  of  the  degree  of  unsaturation  of  soybean  oil, 
is  of  especial  importance  in  evaluating  oil  for  various  uses.    The  per- 
centages of  linoleic  and  lino Ionic  acids  in  the  oil  increase  with  in- 
creasing iodine  number.    As  these  are  the  iil a-f brming  constituents  of 
the  oil,  soybean  oil  of  a  maximum  iodine  number  is  preferred  by  the  dry- 
ing oil  trade  for  use  in  paints  and  varnishes,.    The  edible  oil  trade 
prefers  soybean  oil  of  a  minimum  iodine  number  because  it  requires  less 
hydrogen  in  the  hardening  process  and  because  the  final  product  has 
better  keeping  properties.    Examination  at  the  U.  5.  Regional  Soybean 
Industrial  Products  Laboratory"""  of  hundreds  of  samples  of  commercial  and 
laboratory -processed  oils,  including  crude,  semi -refined,  end  completely 
refined  oils  derived  from  many  varieties  of  soybeans  grown  under  a  wide 
range  of  soil  and  climatic  conditions,  revealed  iodine  numbers  ranging 
from  103  to  151.    Host  of  the  commercial  soybean  oils  were  found  to  have 
iodine  numbers  ranging  from  127  to  133.    Crude  oils  end  the  correspond- 
ing refined  soybean  oils  differ  only  slightly  in  their  respective  iodine 
numbers , 

The  unsapcnifiable  matter  in  soybean  oil  includes  the  sterols,  some 
phytostero lines,  hydrocarbons,  alcohols,  and  ketones.    The  average 


,rEy  act  of  Congress  the  chemical  and  engineering  investigations  of  this 
Laboratory  were  transferred  to  the  Northern  Regional  Research 
Laboratory  on  July  1,  1942. 
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Table  5.-  Specifications  for  buying  and  selling  soybean 
oil  for  technical,  uses!' 


Characteristic 


Maximum' 


Minimum 


Iodine  number^/  (Wijs ) 
Unsaponifiable  matter 
Free  fatty  acids 3/ 

Moisture  and  volatile  matter  at  105°  C. 

(allo?r?.'rrco  j.'f  over  0.2%){i/ 

Break  or  foots  Modified  Gardner 
Method ');-'/ 


Percent 

1.5 
1.5 

.3 
.6 


130 


i/  Set  forth  by  National  Soybean  Processors  Association,  194-4-5. 

2/  This  specification  applies  only  to  high  iodine  value  grade  oil  when 
stated  in  the  original  contract. 

2/  Penalty  of  1/2  percent  of  purchase  price  for  each  1/2  percent  or 
fraction  thereof  in  excess  of  1.5  percent. 

y  Penalty  of  2/10  percent  of  purchase  price  for  each  1/10  percent  or 
fraction  thereof  in  excess  of  2/10  percent. 

5/  Penalty  of  2/10  percent  of  purchase  price  for  each  l/lO  percent  or 
fraction  thyreo.f.  in  excess  of  0.6  percent. 
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content  of  unsaponifiable  matter  found  in  153  samples  of  soybean  oils  ex- 
amined at  the  U.  S.  Regional  Soybean  Industrial  Products  Laboratory  was 
found  to  be  0.75  percent  with  individual  variations  ranging  from  0.52  to 
1.61  percent. 

Free  fatty  acids  are  contained  in  varying  amounts  in  soybean  oils;  Tech- 
nically, free  fatty  acid  content  of  soybean  oil  is  expressed  in  terms  of 
acid  number.    Examination  of*  a  large  number  cf  freshly  produced  soybean 
oils  has  shown  variations  in  acid  number  r.s  follows:  Solvent-extracted 
oils  0.35  to  3.C5;  expeller-pressed  oils  0.86  to  2.10.  •  Alkali  refining 
results  in  a  reduction  of  the  free  fatty  acid  content,  and  carefully  re- 
fined and  deodorized  soybean  oil  should  have  an  acid  number  of  0.10  or 
less.    The  acid  number  of  soybean  oil  may  become  relatively  large,  how- 
ever, under  adverse  storage  conditions  which  cause  hydrolysis  or  split- 
ting of  the  glycerides •    The  trade  expresses  the  content  of  free  fatty 
acids  in  an  oil  on  a  percentage  basis,  which  in  the  case  of  soybean  oil 
is  calculated  as  oleic  acid. 

The  "break"  material  or  foots,  found  in  most  crude  soybean  oils,  consists 
principally  of  phosphatides,  pigments,  arid  mucilaginous  materials  which 
are  removed  from  the  seeds  along  with  the  oil.    The  method  used  in  press- 
ing the  soybeans  and  in  extracting  the  oil  and  the  method  and  degree  of 
clarification  employed  affect  the  quantity  of  extraneous  materials  which 
remain  in  the  crude  oil.    When  the  oil  goes  directly  into  the  edible  or 
drying  oil  industry,  excessive  "break"  material  is  objectionable  because 
it  leads  to  increased  refining  losses. 

The  amount  of  "break"  material  usually  obtained  by  the  Gardner  acid- 
heat-break  method  varies  from  0.04  to  0.20  percent  for  extracted  oils 
and  from  0.20  to  1.00  percent  for  expcllcr  .lis.    A  correlation  exists 
between  the  amount  of  "break"  material  found  by  the  "heat-break"  method 
and  the  loss  sustained  in  refining  with  respect  to  many  soybean  oils, 
but  numerous  exceptions  occur  especially  in  the  case  cf  solvent-extracted 
oils . 


Carbohy dra te  s 

The  carbohydrates  contained  in  soybeans  are  of  less  importance,  from  the 
standpoint  of  uses,  than  the  protein  and  the  oil.    In  addition,  rela- 
tively little  is  known  about  the  percentage  of  carbohydrates  present  in 
the  soybean  and  their  characteristics.    This  is  probably  due  to  the  fact 
that  soybeans  contain  a  relatively  small  amount  of  carbohydrates  and  that 
these  are  associated  in  their  natural  state  with  so  many  impurities  that 
isolation  and  identification  are  difficult. 

Carbohydrate  substances  are  present  in  the  soybean  in  many  different 
forms  including  celluloses,  free  sugars,  pentosans,  hexosans,  and 
probably  other  forms.    There  is  disagreement  concerning  the  presence  of 
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starch  in  soybeans,  some  investigators  report  its  presence  in  amounts  up 
to  3  percent  whereas  others  report  inability  to  demonstrate  its  presence. 

Table  2  (page  8)  contains  data  showing  the  total  sugar  content,  calcu- 
lated as  sucrose,  and  of  the  crude  fiber  content  of  various  soybean  varie- 
ties,   Cartter  and -Hopper  found  that  the  percentages  of  sugar  increase  and 
decrease  with  the  percentages  of  oil  and  that  "when  total  sugar  and  oil 
contents  change  in  one  direction,  the  protein  content  changes  in  the  otter. 

The  crude  fiber, -a  mixture  of  cellulosic  substances  and.lignin,  is  found 
principally  in  the  seed  coat  of  the  soybean.    The  analysis  of  two  samples 
of  soybean  seed  coats  by  Gartter  and  Hopper  (2)  showed  a  crude  fiber  con- 
tent of  31.37  and  28.10  percent  (dry  basis),  respectively. 

Ash 

The  importance  of  the  total  ash  content  of  soybeans  depends  on  the  use  to 
be  made  of  the  oil  meal  after  the  extraction  of  the  oil,     If  the  meal  is 
to  be  used  for  feed,  a  high  ash  content  is  desired j  if  the  meal  is  to  go 
into  industrial  channels,  the  mineral  content  is  of  less  importance. 
Soybean  varieties  with  low-ash  content  and  high  oil  and  protein  contents 
are  therefore  preferred  for  industrial  applications  and  at  the  same  time 
they  remove  less  mineral  matter  from  the  soil,  per  unit  of  raw  material 
produced.    Soybeans  normally  contain  from  4-  to  6  percent  of  ash.  Their 
calcium  and  phosphorous  contents  are  higher  than  any  of  the  cereal  grains, 
and  few  foods  excel  soybeans  as  a  source  of  biologically  available  iron. 
Table  6  includes  data  showing  the  average  total  ash,  phosphorous, 
potassium,  and  calcium  content-of  10  varieties  and  strains  of  soybeans. 
Table  7  presents  further  data  regarding  the  mineral  .content  .of  soybeans. 


Vitamins 

Knowledge  concerning  the  vitamin  content  of  soybeans  and  their  products 
is  important  from  the  standpoint  of  their  edible  uses,  both  as  human 
food  and  as  feed  for  livestock.    Since  the  bull-:  of  soybean  oil  is  con- 
sumed in  food  products  and  approximately  95  percent  of  soybean  oil  meal 
is  used  as  a  protein  concentrate  in  livestock  feeding,  information  re- 
garding the  vitamin  content  of  soybeans  and  their  products  is  essential. 
For  nonfood  industrial  uses,  the  vitamin  content  of  the  soybean  is,  of 
course,  of  no  importance. 

Reports  in  the  literature  regarding  the  vitamins  present  and  the  extent 
of  their  presence  in  soybeans  and  soybean  products  do  not  all  ccmpletcly 
agree.    Some  of  these  variances  are  undoubtedly  due  to  varietal  differen- 
ces and  some  to  lack  of  uniformity  in  the  techniques  employed  in  deter- 
mining vitamin  content.    Furthermore,  in  the  case  of  the  soybean 
products,  vitamin  content  is  probably  affected  somewhat  by  differences  in- 
processing  treatments  used. 
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Table  6.-  The 

average  total  ash, 

phosphorus 

,  potassium,  and 

calcium 

contents  of  10  varieties  and 

strains  of 

soybeans  grown  a 

five  locations^/  during 

the  5-year  period,  1936-40 

Variety  or 
strain 

Moisture- 

free  basis 

Total  ash        :  Phosphorus 

Potassium 

P.'A  *1  r*  1  urn 

• 

:  Percent 

Percent 

Percent 

Fercent 

Mandarin 

5.37 

.696 

1.64 

.  Joo 

Mukden 

:  5.00 

^  .660 

-L.  /  1+ 

Dunfield,  A 

;  4.65 

.  626 

1.62 

Dunfield,  B 

;  4.61 

.627 

1.58' 

•  22 1 

Illini 

4.81 

.623 

1.67 

0  /to 

Manchu  : 

5.12 

.670 

1.67 

.313 

Scioto  • 

5.17 

.658 

1.68 

.343 

T-117  ! 

5.02 

.654 

1.67 

.248 

Peking  : 

5.21 

.727 

1.75 

.272 

Boone  : 

4.97 

.653 

1.71 

.253 

J  Grown  at  Ames,  Iowa  -  Columbia,  Mo.  5  Urbana,  111,  3  LaFayeH/te,  Ind.  3 
and  Columbus,  Ohio. 

Source:     Influence  of  variety,  environment,  and  fertility  level  on  the 
chemical  composition  of  soybean  seed.    By  J.  L.  Cartter  and 
T.  H.  Hopper.     U.  3.  Dept.*  Agr.  Tech.  Bui.  787,  May  1942. 
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Table 

7.-  Mineral 

content  of  soybeans 

(moisture-free  basis) 

Mineral  * 

No  •  of 

analyses 

Range 

Mean 

.  Maximum 

Minimum  . 

Percent 

Percent 

Percent 

Ashi/ 

? 

6.35 

3.30 

4.60 

Potassium 

29 

2.39 

0.81 

1.83 

Calcium 

9 

.30 

.19 

.24 

Magnesium 

7 

.34 

.  24 

.31 

Phosphorus  ] 

37 

1.08 

.50 

.78 

Sulfur 

6 

.45 

.10 

.24 

Chlpri.ie  \ 

2 

.04 

.03 

.03 

Sodium 

6 

.61 

.14 

.24 

Eoron 

5 

.0029 

.0006 

.0019 

Manganese 

11 

.0041 

.0021 

.0028 

Iron 

13 

.0133 

.0057 

.0080 

Copper 

l 

.0012 

Barium 

.0008 

Zinc 

i 

.0013 

-    Data  from  1 

able  3. 

Source:    The  mineral  composition  of  crops  with  particular  reference  to 
the  soils  in  which  they  were  grown,  a  review  and  compilation. 
By  Kenneth  C,  Beeson.    U.  5.  Dept.  Agr.  Misc,  pub.  369, 
March  1943-. 
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From  a  determination^/  of  the  carotene  content  of  more  than  40  different 
varieties  of  green  and  mature  soybeans,  it  was  found  that  most  varieties 
in  the  green  stage  were  very  good  sources  of  carotene,  having  a  range  of 
from  212  to  705  micrograms  per  100-gram  fresh  sample,  whereas  the  caro- 
tene content  of  the  mature  soybeans  ranged  from  IS  to  24-3  micrograms  per 
100-gram  air-dry  sample.    later  correlations^/  of  the  carotene  content 
■with  biological  assays  for  five  varieties  of  mature  soybean  seed  demon- 
strated that  the  biologically  active  carotenoid  pigment  contained  in  the 
purified  extract  was  80  to  88.8  percent  p-carotene  and  2.5  to  11, S  per- 
cent a-carotene.    Cryptoxanthin  was  not  found  in  any  of  the  soybeans 
analyzed.    It  was  concluded  that  many  varieties  of  soybeans  at  maturity 
have  a  carotene  content  as  great  as  that  of  yellow  corn.    In  terms  of 
total  vitamin  A  activity,  however,  yellow  corn  was  superior  to  all  varie- 
ties of  soybeans  studied  because  of  the  presence  of  relatively  large 
amounts  of  cryptoxanthin  in  the  corn. 

According  to  most  assays  which  have  been  reported,  soybean  oil,  like 
most  vegetable  oils,  contains  but  little  vitamin  A.    However,  the  extent 
of  this  vitamin's  presence  in  soybean  oil  has  not  been  satisfactorily 
settled.    Assays  of  expe^ler  soybean  flour  (Q%  oil)  and  solvent-extracted 
soybean  flour  (3$  oil)5/  have  indicated  the  presence  of  36  and  30  inter- 
national units  of  vitamin  A  per  100  grams,  respectively. 

Soybeans  are  a  very  good  source  of  vitamin  Bj_  (thiamin).    They  also  con- 
tain, in  smaller  amount,  vitamin  Bp  or  G  (riboflavin).    An  examinations/ 
of  15  samples,  representing  9  varieties  of  soybeans,  indicated  that 
their  vitamin  B-j_  content  varied  from  320  to  430  international  units  per 
100  grams  of  mature  soybeans.    A  solvent-extracted  soybean  oil  meal 
assayed  280,  and  a  hydrau.lic  process  oil  meal  assayed  100  international 
units  of  vitamin  Bq_  per  100  grams  of  material. 2J    Soybeans  do  not  con- 
tain sufficient  quantities  of  riboflavin  and  pantothenic  acid,  another 
component  of  the  B-ccmplex,  to  be  considered  a  good  source  of  these 
vitamins. 


21  Sherman,  W.  C.  and  Salmon,  W.  D.     Carotene  content  of  different  varie- 
ties of  green  and  mature  soybeans  and  cowpeas.    Food  Res,  4:371-380 
(1939). 

Sherman,  Yf.  C.    Chromatographic  identification  and  biological  evalua- 
tion of  carotene  from  mature  soybeans.    Food  Res.  5:13-22  (1940). 

5/  Hayward,  J.  IT,    The  nutritive  value  of  soybean  oil  meal  prepared  by 
different  methods  of  extraction.    Oil  and  Soap  14:317-321  (1937). 

y  Halverson,  J,  0,  and  Sherwood,  F.  7f.    The  vitamin  A  activity  and  the 
vitamin  Bj_  content  of  soybeans  and  covroeas.    Jour.  Agr,  Res.  60: 
141-144  (1940). 
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The  vitamin  C  (ascorbic  acid)  content  of  mature  soybeans  is  very  small; 
however,  soybean  sprouts  are  an  excellent  source  of  this  vitamin. 
Soybeans  are  also  relatively  poor  or  completely  lacking  in  vitamin  D. 
Reports  in  the  literature  indicate  that  soybean  oil  contains  vitamin  E, 
but  to  a  much  less  marked  degree  than  does  wheat  germ  oil.  Soybeans 
contain  vitamin  K  in  significant  quantities.    It  is  present  in  abundance 
in  soybean  oil,  but  no  specific  assay  of  soybean  oil  meal  for  the  vitamin 
has  been  reported.    Soybean  seeds  dried  in  vacuum  desiccators  at  room 
temperature  were  found  to  contain  25  units  of  vitamin  K  per  gram  of  dry 
material. 

The  content  of  niacin,  the  anti -pellagra  vitamin  in  soybeans  is  about  the 
same  as  that  in  wheat  and,  therefore,  it  cannot  be  considered  an  especially 
important  source  of  this  vitamin. 

In  table  8  are  presented  data  showing  the  vitamin  content  of  Middle  Vfest 
milling  varieties  of  soybeans,  expeller  and  extracted  soybean  oil  neal, 
and  three  types  of  soy  flour.    This  analysis  does  not  include  all  the 
vitamins  discussed  in  the  preceding  paragraphs,  but  it  includes  biotin 
and  choline,  the  importance  of  which  is  still  uncertain. 


CULTURE  AND  HARVESTING 

.Ytfhen  properly  inoculated  with  symbiotic  bacteria,  soybeans  develop  abun- 
dant nodules  or  tubercles  on  the  roots  which  extract  nitrogen  from  the 
soil  air  for  plant  growth.    They  are  therefore  considered  a  soil-building 
crop  when  plowed  under  as  green  manure.    They  also  bring  about  some  im- 
provement in- the  soil  when  grown  for  seed  or  forage  in  rotation  with  other 
crops  if  the  straw  is  plowed  under  or  returned  to  the  soil  as  manure. 

Soybeans  are  especially  valuable  in  short  crop  rotations  with  corn  and 
small  grains.    However,  they  are  used  to  replace  oats,  corn,  cowpeas 
or  other  spring  sown  crops.    In  the  com  belt  a  rotation  of  corn,  soy- 
beans,, wheat,  and  clover  is  quite  common.    In  this  area,  the  soybean 
crop  should  not  be  considered  as  a  grain  crop  competing  with  corn  but  as 
a  substitute  for  oats  or  barley. 

The  growing  of  soybeans,  as  one  of  the  major  rotation  crops,  is  confined 
largely  to  those  areas  (see  figure  1)  where  oats  were  formerly  grown  as 
a  cash  grain.    This  replacement  of  oats  by  soybeans  is  in  part  due  to  the 
fact  that- in  recent  years  oats  have  experienced  a  weak  market  demand  as 
a  result  of  the  replacement  of  horses  by  motor  power,  but  to  the  extent 
that  farmers  can  use  oats  in  livestock  production  the  crop  will  continue 
to  occupy  an  important  place  in  farming. 

In  certain  areas  the  prevalence  of  insects  or  plant  diseases  that  affect 
small  grains,  but  not  soybeans,  may  make  it  advisable  to  grow  soybeans 
in  .the  rotation  to  replace  at  least  a  part  of  the  small  grain  acreage. 
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Soybean  varieties  differ  in  time  of  maturity  and  in  adaption  to  soil  fer- 
tility levels  and  soil  acidity.    They  arc  sensitive  in  their  reactions 
to  changes  of  soil  and  climate  and,  generally,  a  variety  must  become  ac- 
climated to  a  new  environment  before  normal  yields  may  be  expected.  The 
period  of  germination  is  the  most  critical  stage  in  their  withstanding 
adverse  growing  conditions.    After  soybeans  are  well  started,  however,  a 
wet  season  does  not  seriously  retard  growth,  and  they  can  withstand  short 
periods  of  drouth.    Soybeans  are  less  susceptible  to  frost  than  are  corn, 
cowpeas,  and  field  beans,  and  a  light  frost  has  but  little  adverse  effect 
on  the  plants  either  when  young  or  when  nearly  mature.    They  are  not  so 
sensitive  to  acid  soils  as  are  red  clover,  alfalfa,  and  many  other 
legumes . 

Preparation  of  the  seedbed  for  soybean  production  is  generally  the  same 
as  for  corn,  and,  like  corn,  soybeans  respond  to  any  extra  preparation 
of  the  soil. 

Various  successful  methods  of  seeding  soybeans  are  employed  in  different 
regions  where  large  acreages  are  devoted  to  this  crop.    Soybeans  are 
sown  either  in  rows  sufficiently  wide  to  allow  cultivation  or  in  close 
drills.    Broadcasting  the  seed  and  covering  with  a  harrow  is  seldom 
practiced  and  is  not  advisable.    The  method  of  seeding  will  be  determined 
largely  by  convenience  and  economy  of  cultivation  and  harvesting,  rate 
of  seeding,  variety  used,  type  of  soil,  climatic  conditions,  and  the  pur- 
pose for  which  the  crop  is  grown. 

For  seed  production,  under  nearly  all  conditions  the  crops  should  be 
grown  in  rows  and  given  sufficient  cultivation  to  keep  down  the  weeds. 
The  distance  between  rows  may  vary  from  24  to  36  inches  on  fertile  soils 
to  36  to  42  inches  on  medium  fertile  and  poor  soils.    Where  the  combine 
is  to  be  used  in  harvesting,  some  objection  has  been  found  to  soybeans 
grown  in  rows  because  of  the  tendency  to  ridge  the  land  during  cultivation. 

The  rate  of  seeding  soybeans  is  influenced  by  several  factors,  the  most 
important  being  the  purpose  for  which  the  crop  is  grown,  size  of  the 
seed,  method  of  planting,  and  environmental  considerations.  Generally, 
the  quantity  of  seed  required  per  acre  for  cultivated  rows  ranges  from 
10  to  7  5  pounds*  for  close  drilling  or  broadcast  sowing,  two  to  two  and 
one-half  times  these  amounts  are  usually  recommended.    In  Illinois,  on 
good  land,  standard  varieties  such  as  Dunfield,  Illini,  and  ilanchu  are 
usually  seeded  at  the  rate  of  about  one  bushel  an  acre  in  row  plantings 
and  two  bushels  in  drilled  plantings. 

Improvements  in  methods  of  harvesting  the  soybean  seed  have  contributed 
to  the  phenomenal  increase  of  soybean  production.    Today  soybeans  may 
be  harvested  as  efficiently  and  economically  as  any  of  the  small  grains. 

The  most  extensively  used  means  of  harvesting  soybean  seeds  is  the  com- 
bine.   The  advantages  of  this  machine,  which  is  the  same  type  as  that 


used  for  harvesting  wheat  and  other  small  grains,  are:    loss  of  beans 
during  harvesting  is  small,  the  time  consumed  in  harvesting  is  minimized, 
and  the  straw  is  deposited  back  on  the  land  where  it  grew.    Other  har- 
vesting machines  which  are  used  include,   (a)  the  grain  binder,  with  the 
bundles  being  shocked  and  handled  much  the  same  as  are  wheat  and  oats  3 
(b)  the  mower,  with  the  crop  being  raked  and  placed  in  small  cocks  to 
be  threshed  when  sufficiently  dry;  and  (c )  special  soybean  harvesters 
which  gather  the  beans  from  the  standing  stalks. 

VJhen  either  the  binder  or  mower  methods  of,  harvesting  is  used,  the  crop 
is  cut  when- the  seeds"  are  in  the  hard  dough  stage;  at  that  time  the 
leaves  of  most  varieties  turn  yellow  and  fall,,  leaving  the  stems  bare 
with  their  clusters  of  seed  pods.    When  the  combine  or  special  soybean 
harvester  is  used,  the  crop  is  permitted  to  cure  thoroughly  in  the  field, 
preferably  until  the  moisture  content  is  at  least  as  low  as  14  percent. 
Excessive  moisture,  as  with  grain,  results  in  spoilage  in  the  bin. 

PRODUCTION 

The  Orient  is  the  principal  soybean -producing  region  of  the  world;  and  un- 
til about  1933  China,  Manchuria,  Chosen,  and  Japan,  in  the  order  named, 
were  the  foremost  important  soybean  producing  countries.    Those  four  coun- 
tries produced  approximately  95  percent  of  the  total  world  production 
during  the  1930-34  five-year  period.    During  the  same  period,  United  States 
production  accounted  for  only  approximately  3.6  percent  of  the  total. 
Since  1935,  however,  soybean  production  in  the  United  States  has  increased 
sharply  while  production  in  the  rest  of  the  world  has  remained  practically 
unchanged.    This  increase  raised  this  country's  soybean  production  to  19 
percent  of  the  world's  total  in  1939  (the  last  year  for  which  complete  ■ 
world  figures  are  available).    Moreover,  the  United  States  production  of 
193  million  bushels  of  soybeans  in  1944,  Which  was  more  than  double  that 
of  1939,  undoubtedly  elevated  it  to  at  least  second  place  in  actual  pro- 
duction (next  to  China)  and  probably  accounted  for  as  much  as  35  percent 
of  the  total  world  production.    World  soybean  acreage  and  production  data 
are  presented  in  table  9. 

United  States  acreage,  yield,  and  production  data  for  soybeans,  from  1924 
to  1944  are  contained  in  table  10.     Total  acreage  increased  from  1.3 
million  acres  in  1924  to  16  million  acres  in  1943  and  production  increased 
_from  4«9  million  bushels  to  almost  200  million. bushels .    During  the  same 
period  the  percentage  of  the  crop  harvested  for  beans  increased  from  ap- 
proximately 25  percent  of  the  acreage  in  the  latter  part  of  the  1920' s 
to  67  percent  in  1943.    Two  noteworthy  stages  of  rapid  expansion  in  pro- 
duction took  place,  one  in  1935,  the  other  in  1942. 

Soybean  production  in  the  United  States  at  present  is  concentrated  chiefly 
in  the  North  Central  states.     The  principal  soybean  states  in  this  area — 
Illinois,  Iowa,  Ohio,  Indiana,  and  Missouri — produce  approximately  90 
percent  of  the  soybeans  in  the  United  States.     Illinois  is,  by  far,  the 
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Table  9#-  Soybean  acreage  and  production  .for  beans  in  specified 
countries,  average  1930-34,  and  1935-39  and  annual  1940-43 


Counto/ 


Average 


1930-34 


1935-3' 


1940 


-941 


1942:1/ 


1943 


■ 

:      1, 000 

1, 000 

1,  000 

X,  UUU 

J.,  ouu 

:  acre's 

acres 

acres 

acres 

acres 

acres 

ACREAGE 

2/12,188 

China 

.      13, 062 





— 



Manchuria 

,  :  *~  9/595 
si/   •  1.163 

8,992 

United  State 

3,0/^2 

4,786 

5,881 

10, 008 

10,820 

Canada 

2/10 
2/l,921 

11 

JLX 

44 

36 

Chosen 

!  1,953 

Japan 

•    :  840 

2/812 
2/17 

Taiwan 

:  20 

Netherlands 

Indies 

!  589 

889 

1,033 

Rumania 

2/4 

161 

3/290 

Bulgaria 

29 

%  74 

173 

Yugoslavia 

;  £/2 

7 

21 

43 

Hungary 

12 

Estimated  world 
totalV 


27,400 
PRODUCTION 


28,3C0     26,600  25,000 


China 
Manchuria 
United  States 
Canada 
Chosen 
Japan 
Taiwan 
Netherlands 

Indies 
Rumania 
Bulgaria 
Yugoslavia 

Hun.  gar  y 


4/ 


1, 000 

bushels 

2/231,327 
167,571 
16, 603 

20,236 

12,231 
172 


1,000 
bushels 


1, 000 
bus  lie  If 


2/204,444  ^216,300 
151,294  117,579 


5.602 
2/26 

2/27 


56,167 
.  2/2C7 
2/ 19, 303 
12  ,.499 
2/151 

9,731 
1,869 

364 
71 


77,468 
233 


1,000 
bushels 


105,587 

217 


1, 000    1, 000 

bushels  bushels 


187,155  195,762 
925  569 


11,243 
3/3, 600 
992 
294 
194 


Estimated  world 
total5/ 


455,000       458,100     440,200  446,000 


1/  Preliminary. 

2/  Average  of  less  than  5  years. 
3/  Unofficial  estimate. 
4/  Acreage  harvested  for  beans. 
J7  Exclusive  of  the  Soviet  Union. 

Source:    U.  S.  Department  of  Agriculture  Statistics. 


-25— 


Table  10.-  Total  acreage,  acreage  harvested  for  beans,  yield,  and 
production  of  soybeans  in  the  United  States,  1924.-1943 


Year 


Harvested  for  beans 


Acreage 


Proportion  of  :Yield  per: 
total  acreage  :  acre 


Fro due tion 


• 

1,000  acres  1 

,000  acres 

Percent 

Busnels 

X, UoJ.  DUoiio'XS 

1  QO/ 

1  10.0 

44o 

<o.  J. 

n  n 

/  Q/"7 
4,  V4/ 

1  QO  ^ 

1    HQ.  k 

4±;> 

O  T  O 

1.1. » 1 

^-,0/0 

1  QO  A 

'        o  i  oh 

/  AA 
40D 

Ol  Q 

1 1  0 

XX.  »c 

0  "3Q 

1  Q0"7 

<■ ,  jOv 

568 

O  /  O 

<c4»< 

1 0  O 

A  Q^Q 

1  QO<2 

'           0    /  ^Q 

KHO 

00  n 
<0.  / 

1  "3  A 
X.?  •  D 

n  Q.si.r\ 

1929 

2,807 

708 

25.2 

13.3 

9,438 

1930 

:  3,473 

1,074 

30.9 

13.0 

13,929 

1931 

4,304 

1,141 

26.5 

15.1 

17,260 

1932 

4,165 

1,001 

24.0 

15.1 

15,158 

1933 

3,957 

1,044 

26.4 

12.9 

13, 509 

1934 

6,207 

1,556 

25.1 

14.9 

23,157 

1935 

7,503 

2,915 
2,359 

38.9 

16.8 

48,901 

1936 

7,183 

32.8 

H.3 

33,721 

1937 

7,464 

2,586 

34.6 

17.9 

46, 164 

1938 

8,587 

3,035 

35.3 

20.4 

61, 906 

1939 

10,920 

4,315 

39.5 

20.9 

90,141 

1940 

11,823 

4,736 

40.5 

16.2 

77,468 

1941 

11,391 

5,881 

51.6 

.18.0 

105, 587 

1942 

15,102 

10,008 
10,684 

66.3 

18.7 

187,155 

1943  . 

!  15,854 

67.4 

18.1 

193,125 

19442/ 

I      14, 519 

10, 502 

72.3 

18.4 

192,863 

3  Acres  grown  alone  plus  approxima 

tely  one-half 

the  intcrpil 

anted  acres . 

2/  Preliminary. 
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leading  soybean  state,  accounting  for  over  one-half  of  the  total  United 
States  production  during  the  1933-4-2 ,  10-year  period  and  for  36.5  per- 
cent in  1943  and  37  percent  in  1944-    Before  the  1920 *s  most  of  car  soy- 
bean production  was  concentrated  in  the  Caroiinas  and  Virginia.  However, 
many  of  the  experiment  stations,  particularly  these  in  the  North  Central 
States,  investigated  the  soybean  with  a  view  toward  developing  varieties 
suited  for  growing  in  other  parts  of  the  country.    This  research  eventu- 
ally yielded  several  new  varieties  which  proved  highly  successful  and 
which  eventually  resulted  in  a  shift  of  our  principal  'Soybean  area  from 
the  Eastern  seaboard  to  the  North  Central  States.    Table  11  gives  the 
acreage  harvested  for  beans,  yield,  and  production  of  soybeans  by  states, 
for  the  1933-44  period. 

The  practice  of  interplanting  soybeans  with  other  crops  is  confined 
largely  to  the  southern  and  southwestern  states  where  soybeans  are  uti- 
lized chiefly  as  a  forage  crop.    The  acreage  of  soybeans  grown  alone  for 
all  purposes,  the  interplanted  (grown  in  combination  with  other  crops) 
acreage,  and  the  total  equivalent  solid  acreage,  by  states,  a.re  shown  in 
table  12* 
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Table  II.-  Acreage  harvested  for  beans,  yield, -and  production  of 
soybeans,  by  states,  1933-4-2  average,  annual  1943  and  194-4 


O  be*.  bC 

:  Acreage 

harvested^ 

:  Yield 

per  aero 

:  Frcductic 

•n 

:  Average 

:  Average 
'  1933-42 

•              ■  '  • 

"1  Ql  I 

•  Average 

'  1933-42 

j  1943 

j  1944 

\  1943  ! 

:  1933-42 

Thousand  acres 

Bushels 

1110  u 

3  and.  due 

hols 

]\Ipw  York"  ' 

20 

14 

2/14.6 

15.0 

14.0 

2/116 

300 

196 

N.  J.       ,  : 

2/8 

20 

13 

2/15.0 

13.0 

10.0 

2/123 

2/168 

260 

130 

Pa.  ! 

2/10 

45 

34 

2/l6.1 

14.0 

H.5 

630 

•  493 

Ohio       '  : 

364 

1, 308 

1,321 

18.8  ' 

21.0 

17.0 

7,195 

27,468 

22,457 

Ind.  : 

542 

1,403 
3,436 

1,403 

16.8 

18.5 

16.5 

9,479 

25,956 

23,150 

111. 

1,612 

3,400 

19.6 

20.5 

21.0 

32.508 

70,438 

71, 400 

Mich. 

47 

103 

110 

L4.0 

15.5 

14.5 

'687 

1,596 

1,595 

Wis . 

,15 

&s 

49 

2/14.5 

15.5 

15.0 

217 

1, 054 

735 

Minn . 

1/52 

246 

263 

13.5 

16.5 

2/734 

3,321 

Iowa 

544 

1,7/5 

2,129 

17.6 

19.5 

20.0 

10,093 

38, 512 

42,580 

Mo. 

147 

561 

606 

10.4 

15.5 

17.5 

1,678 

8,696 

10, 605 

N.  Dak. 

— 

10 

4 



11. 0 

12.0 

 _ 

110 

•  48 

S.  Dak. 

2/13 

23 

12 

11.0 

14.0 



163 

Nebr . 

82 

27 

2/12.O 

11.5 

16.0 

.  2/173 

943 

432 

Kans . 

34 

244 

221 

3.8' 

9.5 

15.0 

383 

2,313 

•  3. 31  5 

Del.  : 

23 

39 

34 

13.8 

9.0 

9.5 

316 

351 

'  323 

Md. 

15 

36 

35 

13.6' 

9.0 

13.0 

205 

324 

455 

Va. 

43 

96 

✓ 

63 

13.6 

11.0 

15.0 

597 

1,056 

•  945 

¥.  Va.  ! 

1  1 

3 

2 

12.2 

13.0 

11.0 

16 

•39 

•  22 

N.  C. 

155 

257 

196 

11.4 

9.0 

10.5 

1,793 

j  1  — 

2,313 

•  2,058 

S.  0. 

:  9 

16 

12 

6.8 

6.5 

7.0 

60 

104 

84 

Ga. 

:  12 

13 

13 

0.  u 

6.5 

6.0 

72 

84 

78 

Ky. 

24 

78 

60 

11.6 

11. 0 

13.0 

297 

853 

780 

Tenn. 

24 

73 

72 

8.2 

13.0 

14. 5 

222 

949 

1*044 

Ala. 

:  15 

44 

47 

5.9 

5.5 

5.5 

88 

242 

•  258 

Miss . 

52 

142 

92 

9.3 

12.0 

12.5 

566 

1,704 

1, 150 

Ark. 

:  69 

267 

233 

32.0 

9.5 

15.5 

905 

2,536 

3,612 

La. 

:  19 

41 

29 

12.4 

11,5 

12.0 

241 

472 

•  348 

Okla. 

10 

6 

.7.0 

5.0 

8.0 

50 

48 

Tex. 

i  $ 

25 

2 

2/8.6 

7.5 

7.0 

2/44 

188 

,  -  14 

u.  s 


3,848"   10,634  10,502 


17.1       18.1     13.4     68,771  193,125  192,863 


1/  Equivalent  solid  acreage.     (Acreage  grown  alcno,  with  allowances  for 
acreage  grown  with  other  crops ) . 

2/ 

-/  Short- time  average. 

Source:    U.  S.  D.  A.  1944  annual  suirjnary  of  crops. 
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Table  12 »-  U.  S.  soybean  acreage  for  all  purposes ,  by  states, 
1933-42  average,  annual  1943  and  1944 


Grown  alone 


Intorplanted 


Equivalent  solidi 


/ 


•  Average 

• 

.  1943 

;  1944  ; 

Average  • 
1933-42  : 

1943  '. 

1944 

•  Average 

•  19^3-A2 

\  1943 

j  1944 

Thousand 

acres 

New  York 

!  13 

28 

20 





— 

ij| 

tL'o 

20 

N.  J. 

!  23 

57 

49 

— — 



— 

23 

57 

49 

Pa. 

: .  55 

127 

119 



— 

55 

127 

119 

Ohio 

:  6i6 

1,469 

1>434 

- — 

— 

616 

1,469 

1,484 

Ind. 

;  i, oo8 

1,776 

1,776 

- — 



— 

1,008 
2,394 

1,776 

1,776 

111. 

:  2,394 

3,976 

3,857 

— - 

 u 

— 

3,976 

3,857 

Mich . 

100 

137 

140 





— 

100 

157 

140 

Wis. 

!  166 

112 

112 





— 

166 

112 

112 

Minn. 

156 

347 

357 

«— — 



— — 

156 

347 

357 

Iowa 

!    1, 069 

2,123 

2,229 

— — ~ . 

 — 

1,069 

2,123 

2,229 

Mo. 

;  491 

750 

750 

67 

120 

68 

524 

810 

784 

N.  Dak. 

12 

7 

— — 



—-— 

12 

7 

S.  Dak. 

:  2/rt 

31 

14 

— 





£/8 

31 

14 

Mebr. 

15 

100 

3Q 



— — 



15 

100 

30 

Kans . 

74 

313 

238 

— 





74 

313 

233 

Del. 

;  41 

76 

67 







41 

76 

67 

Md. 

55 

116 

94 

— 





55 

116 

94 

Va.  , 

123 

245 

176 

69 

91 

85 

158 

291 

218 

W.  Va.  1 

49 

42 

39 

— 





49 

42 

39 

N.  C.  \ 

296 

495 

361 

374 

430 

322 

433 

710 

522 

s.  c.  '. 

30 

55 

35 

70 

83- 

75. 

65 

QQ 

✓  y 

73 

Ga.  \ 

84 

117 

97 

86 

7,0; 

50 

127 

152 

122 

Ky.  ; 

142 

242 

194 

19 

30 

25 

152 

257 

206 

Tenn . 

165 

276 

248 

204 

350 

287 

267 

451 

392 

Ala.  \ 

244 

358 

290 

38 

28 

20 

263 

372 

300 

Miss.  ] 

289 

515 

309 

357 

331 

251 

473 

705 

435 

Ark.  . 

196 

446 

357 

275 

444 

320 

334 

668 

517 

La.  ! 

78 

147 

85 

414 

517 

403 

285 

405 

287 

Okla. 

,16 

35 

17 

2 

2 

/17 

36 

13 

Tex.  '. 

2/27 

52 

13 

2/7 

7 

0 

2/3I 

56 

13 

u.  s. 


;,016    14,575    13,564     1,985     2,558    1,908       9,014  15,-;54  14,519 


~y  Acres  grown  alone,  plus  one-half  the  interplanted  acres. 
2/  Short- tine  average. 


Source:    U.  S.  D.  A.  1944  annual  summary  of  crops. 
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CROP  DISPOSITION 

The  disposition  of  the  soybean  crop  in  the  United  States  on  and  off  the 
farm  is  shown  in  table  13*    The  proportion  of  the  bean  crop  used  for  ; 
seed  in  1924  amounted  to  39  percent.    For  the  crop  of  1943  it  had  de- 
clined to  16  percent.    This  marked  reduction  is  undoubtedly  due  to  the 
development  of  higher  yielding  varieties  and  to  the  fact  that  more  of 
the  soybean  crop  is  now  harvested  for  beans. 

The  quantity  of  soybeans  fed  to  livestock  on  the  farm  where  produced  has 
increased  with  the  increase  in  production,  but  the  proportion  of  the  crop 
so  used  has  sharply  declined.    Approximately  25  percent  of  the  total  soy- 
bean production  was  fed  by  farmers  in  the  1920's  whereas  in  1943  only ,4 
percent  of  the  crop  was  so  utilized  on  the  farm  where  produced. 

Along  with  increased  production  and  expanded  utilization,  soybeans  have 
become  increasingly  important  as  a  cash  crop.    The  proportion  of  the  crop 
sold  off  the  farm  and  the  proportion  crushed  for  oil  and  meal  have  in- 
creased rapidly.    In  1924  about  60  percent  of  the  crop  was  sold  and  about 

10  percent  of.  the  quantity  sold  was  -  crushed.    In  1943  approximately  39 
percent  was  sold  and  approximately  82  percent  of  that  quantity  was 
crushed. 

Relative  Importance  as  a  Crop 

The  importance  of  soybeans  (for  beans  'Only)  in  the  agricultural  economy 
of  the  United  States  is  relatively  snail  when  their  farm  value  and  their 
contribution  to  cash  farm  income  is  compared  to  the  total  value  and  in- 
come from  all  farm  products.    Their  culture  and  utilization,  however, 
satisfy  certain  requirements  which  no  other  crop  fills,  consequently,  , 
they  are  becoming  increasingly  important  in  the  organization  of  farming 
practices  on  Corn  Beit  farms.     Table  14  indicates  the  relative  importance 
in  1942  of  soybeans  as  a  cash  crop  in  the  United  States  and  in  the  states 
where  it  is  considered  a  major  crop.    In  Illinois,  the  state  of  principal 
production,  it  contributed  about  10  percent  of  the  farmers'  cash  income, 
while  for  the  country  as  a  whole  it  contributed  less  than  2  percent. 

MARKETING  ;  I 

The  marketing  of  soybeans  is  conducted  in  practically  the  same  manner  and 
the  same  marketing  procedure  and  facilities  are  used  in  assembling,  stor- 
ing, grading,  transporting,  financing,  etc.  as  in  the  case  of  the  cereal 
grains.  Country  elevators  are  usually  the  first  to  receive  so3'beans  from 
the  farmer;  from  'there  the  beans  may  go  directly  to  processors — some  of; 
the  larger  of  whom  operate  line  elevators— or  to  terminal  elevators,  com- 
mission merchants,  or  brokers.    Many  mills  buy  directly  from  the  farmer. 

A  soybean  futures  market  is  operated  by  the  Chicago  Board  of  Trade,  soya- 
bean meal  futures  market  by  the  Memphis  Merchants  Exchange,  and  soybean 

011  futures  market  by  the  New  York  Produce  Exchange. 
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Table  14.-  Relative  importance  of  specified  farm  products  in  the 
Corn  Belt  states.    Cash  income  from  farm  marketings 
for  calendar  year  1942 


Product 

:  Unit 

\  United 
ouAi.e5 

: Illinois 

:  Iowa  : 

Indiana 

:  Ohio 

Soybeans 

1,000  dollars 
Percent 

:  256,846 
:  1.67 

97,238 

10.10 

45,606 
3.71 

36,960 
6.81 

35,769 
6.19 

Corn 

1,000  dollars 
percent 

:  478,284 
:  3.11 

150, 114 
15.60 

115,815 
9.42 

26,353 
4.86 

1.8,234 
3.15 

Wheat 

1,000  dollars 
Percent 

:  837,453 
:  5.45 

13,394 
1.39 

4,865 
0.40 

11,095 
2. .  04 

23,641 
4.96 

Oats,  barley,  grain 
sorghums,  hay 

1,000  dollars 
Percent 

:  336,742 
;  2.19 

24, 521 
2.55 

19,069 
1.55 

7,427 
1.37 

8,378 
1.45 

Rye,  rice, 
buckwheat 

1,000  dollars 
Percent 

:  106,319 
0.69 

146 
0.02 

68 
0.01 

251 
0.05 

345 
0.06 

Fruit 

1,000  dollars 
Percent 

735,529 
:  5.11 

7,631 
0.79 

943 
0.08 

3,004 
0.55 

12,428 
2.15 

Vegetables 

1,000  dollars 
Percent 

•1,086,307 
;  7.07 

15,833 
1.65 

6,916 
0.56 

23,983 
4.42 

31,644 
5.43 

Livestock  and 
livestock  products 

1,000  dollars 
Percent  : 

8,987,175 
58.45 

634,467  1,019.535 
65.92  82.91 

416, 613 
76.77 

410, 966 
71.11 

Other 

1,000  dollars- 
Percent  : 

2,499,699 
16.26 

19,057 
1.93 

16,744 
1. 36 

16, 964 
3.13 

31,483 
5.45 

Total  farm 
products 

1,000  dollars; 
Percent  \ 

15,374,354 
100.00 

962,401  1,229,611 
100.00  100.00 

542,655 
100.00 

577,888 
100.00 

Source:    Latest  revised  estimates  as  of  8/19/44.    U.  S.  Bureau  of  Agricultural 
Economics. 
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Grades 

Effective  September  3,  1935,  grading  standards""  were  set  up  by  the  U*  S. 
Department  of  Agriculture  for  the  grading  of  soybeans  on  a  voluntary 
basis.    This  was  a  necessary  prerequisite  to  the  establishment 
October  5,  1936  by  the  Chicago  Board  of  Trade  of  a  futures  trading  mar- 
ket for  soybeans » 

On  November  20,  1940,  the  inspection  and  grading  of  soybeans,  when  sold 
by  grade  in  interstate  or  foreign  commerce,  was  made  mandatory  under  the 
administration  of  the  Grain  Standards  Act.    The  U.  S.  official  standards 
for  soybeans*,  effective  September  1,  1941,  provj.de  for  the  classifica- 
tion of  soybeans  into  five  classes  according  to  color  and  into  five 
numeral  grades,  i.e.  No.  1,  No.  2,  No.  3,  No.  4,  and  Sample  Grade,  ac- 
cording to  minimum  test  weights  per  bushel  and  maximum  limits  for  mois- 
ture, splits,  damaged  kernels,  and  foreign  material  other  than  dockage. 
If  the  beans  are  infested  with  live  weevils  or  other  insects  injurious 
to  stored  grain,  the  special  grade  designation  "weevily,"  is  affixed  to 
the  numerical  grade  otherwise  applicable.    If  the  dockage  (foreign  mate- 
rial of  a  type  readily  removable)  present  amounts  to  one  percent  or  more, 
the  word  "Dockage,"  together  with  the  percentage  thereof  is  added  to  the 
grade  designation. 

The  five  classes  of  soybeans  are:    Class  I,  Yellow;  Class  II,  Green; 
Class  III,  Brown;  Class  IV,  Black;  and  Class  V,  Mixed.    The  Mixed  soy- 
beans class  includes  mixtures  of  other  classes  as  well  as  bicolored 
soybeans . 

Data  are  presented  in  table  15  showing  the  number  and  percentage  of  all 
U.  S.  carlot  market  receipt  inspections' of  soybeans  graded  into  the 
various  grades  and  classes.    These  data,  which  cover  the  crop  years 
1941-1944,  show  wide  variations  in  grades  between  years,  but  in  regard 
to  class  show  nearly  all  inspections  to  be  of  the  yellow  class. 


International  Trade 

International  trading  in  soybeans  has  averaged  less  than  100  million 
bushels  a  year.    Manchuria  has  been  the  chief  exporting  country,  and 
Germany,  Japan,  and  Denmark  have  been  the  leading  importing  countries. 
The  United  States,  between  1924  and  1931,  imported  on  the  average  about 
68,000  bushels  of  soybeans  annually.    Beginning  in  1931,  the  United 
States  became  a  net  exporter  and  reached  its  highest  point  in  this  trade 


"For  details  of  these  standards  see  U.  S.  Dept.  Agr.  Handbook  of 
Official  Grain  Standards  of  the  U.  S.  U.S.d'.S.A.  Form  No.  90, 
Revised  1941- 
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Table  15«-  Soybean  grades:    carload  market  receipt 
inspections  for  the  entire  United  States 


Grade 

Crop  year  beginning  October  1 

or 
class 

,  1940-41 

1941-42 

J  1942-43 

J  1943-44 

;  1944-45 

!  Total 

Grade  no. 

Number  of  carloads  inspected 

1  \ 

2  '. 

3  ■ 

Sample  grade  . 

370 
13, 7d4 
15, 100 
2,788 

974 

3,153 
12,366 
20, 861 
5,648 
2,728 

8,635 
14,325 
12,585 

9,682 
28,695 

44, 350 
27,636 
8,719 
1,221 
703 

43,433 
27,279 
7,633 
1,787 

922 

99,941 

o  c  on  c\ 
V5, J/O 

64,898 
21,126 
34,022 

Total 

32,996 

44,756 

73,922 

82,629 

81,054 

.315,357 

Grade  no.  : 

Percentage  of  carloads  inspected 

1  ! 

•  2  ; 

3  : 

4  \ 
Sample  grade  , 

1.1 
41.7 
45.8 
8.4 
3.0 

7.1 
27.6 
46.6 
12.6 

6.1 

11.7 
19.4 
17.0 

13.1 

3S.S 

53.7 
33.4 
10.6 
1.5 
.8 

53.6 
.  33.7 
9.4 
2.2  ' 
1.1 

31.7 
30.2 
20.6 
6.7 
10.8 

Total 

100.0 

100.0 

100.0 

100,0 

100.0 

100.0 

Class  j 

Percentage  of  carloads  inspected 

Yellow  j 
Green  . 
Brovm  . 
Black  \ 
Mixed 

.  :  98.93 
.02 
.18 
.35 
.52 

97.42 
.04 
.21 
1.29 
1.04 

97.03 
.09 
.29 
1.56 
1.03 

99.35 
.04 
.03 
.25 
.33 

99.13 
.04 
.06 
.13 
.59 

98.45 
.05 
.14 
.68 
.68 

Total  : 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

Source:    Grain  Branch,  Production  and  Marketing  Administration,  U.S.D.A. 
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in  1939  when  exports  amounted  to  11.8  million  bushels.    This  latter  de- 
velopment was  a  direct  result  of  the  cutting  off  of  Manchurian  trade 
because  of  World  War  II,  European  countries  being  forced  to  turn  to  the 
United  States  for  their  soybean  supplies.    Germany,  realizing  the  nec- 
essity for  obtaining  soybeans  to  help  her  war  food  program,  originally 
arranged  for  the  Russian  government  to  ship  a  considerable  quantity 
(stated  to  be  200,000  metric  tons)  of  Manchurian  soybeans  across  the 
Trans-Siberian  Railway,    Germany  employed  similar  practices  during 
World  War  I,  on  one  occasion  purchasing  a  very  large  proportion  of  our 
Worth  Carolina  soybean  production  at  fabulous  prices  prior  to  our  enter- 
ing that  conflict. 


Prices 

Soybean  prices  vary  quite  widely  by  areas  from  year  to  year,  and  by  use 
made  of  the  crop.    In  the  principal  surplus  producing  states,  Illinois, 
Iowa,  Ohio,  and  Indiana,  where  most  of  the  soybeans  produced  are  used 
for  processing,  prices  are  lower  than  in  the  less-important  producing 
areas,  where  most  of  the  beans  sold  are  used  for  seed.    Data  showing  the 
average  price  per  bushel  received  by  farmers  for  soybeans  in  the  United 
States  by  months  from  1934  to  1944,  are  shown  in  table  16.    The  average 
price  per  bushel  received  by  farmers  for  soybeans,  by  states,  from  1933 
to  1943,  are  shown  in  table  17 . 

Under  normal  marketing  conditions,  the  prices  of  soybean  oil  and  oil 
meal  are  the  most  important  factors  affecting  the  price  of  soybeans,  i.e., 
these  values  plus  processing  margins  determine  the  prices  that  processors 
are  able  to  offer  for  industrial  beans."""    On  the  other  hand,  the  price 
of  soybean  oil  and  oil  meal,  are  influenced  by  the  supplies  and  prices  of 
competing  products.    Lard  and  cottonseed  and  peanut  oils  in  the  edible- 
fat  field  and  linseed  oil  in  the  drying-oil  field  exert  an  important  in- 
fluence on  the  price  of  soybean  oil.    Similarly,  the  price  of  soybean 
oil  meal  is  affected  by  supplies  and  prices  of  cottonseed  and  linseed 
meals,  the  former  being  especially  important  because  of  its  large 
production. 

There  is  usually  a  seasonal  rise  in  soybean  prices  during  the  spring 
months  (April  through  June )- reflecting  the  demand  for  soybeans  for  plant- 
ing purposes.    This  rise  in  price,  which  is  independent  of  oil  and  meal 
values,  usually  causes  processors'  margins  to  be  smaller  during  this 
period. 

Table  18  shows  the  average  monthly  prices  of  soybean  oil  and  meal  and  the 
farm  price  of  soybeans  for  the  crop  years  1938-39,  1939-40,  1940-41, 
1941-42,  1942-43  and  1943-44  by  months. 


In  some  cases,  processors  are  willing  to  operate  at  a  loss  for  short 
periods  of  time,  rather  than  lose  markets  which  have  been  built  up 
for  their  products.    Also,  the  expense  of  closing  down  a  large  plant 
may  be  greater  than  that  sustained  by  temporary  uneconomic  operation. 
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Table  18.-  Average  monthly  prices:    soybean  oilj  Midwestern  mills;  soybean 
meal,  Chicago ;  and  soybeans' y-  United  States  farm 


Prices 

prices 

Crop 

:  Oil 

Crop 

:  Oil 

year  and 

:  domestic 

Meal, 

year  and 

:  domestic 

I.ica± 

4I/0 

month 

:crude,  in 

/  "I  o/ 

month 

: crude,  in 

:tank  cars 

0  pro  "be  in 

:tank  cars 

^protein 

"Pin  1 1 

JJU  .X.  J-U-X  o 

0  p  n    ^    t\P  v 

001  i  OwJ    jjw  x 

Hp  1  ~!  n  7°  ^ 

X/W  J — L<~<.X  O 

"HpI  Inrs  TjPt* 

UU  U_l  LKJ. 

uui  bun 

Vvt  t  qVio  1 

JJOX      Owl  1 

Hi  i  ^1  p  n 

U  U.  L>i  J.  O  J- 

1938-39 

1941-42 

October 

'  5.03 

24.60 

.64 

Cc  tober 

10.38 

37.95 

1.42 

No vember 

:  ^.03 

24,40 

.63 

November 

9.83 

39.10 

1.43 

December 

'  5.14 

26.20 

.67 

December 

10,08 

42. 50 

1.47 

January 

'  4.97 

26.30 

January 

11.44 

46.45 

1.65 

February 

4.76 

24.70 

.69 

February 

11.72 

46.45 

1.78 

March 

4.91 

24.45 

.7  3 

March 

11.75 

44.85 

1 .79 

April 

4.72 

24.70 

.78 

Arcri  1 

11.7  5 

41,00 

1.76 

May  : 

4.92 

26,30 

.37 

1 1.7^ 

q8.  30 

1.73 

June 

4.86 

25.95  • 

.83 

June 

11.60 

37.90 

1.63 

July 

.  4.34 

24.70 

.75 

Julv 

11.24 

41.80 

1.62 

Augus  t 

4.17 

25.70 

.64 

August 

11.44 

42,60 

1.58 

September 

5.11 

33.70 

.73 

September 

11,66 

43. 50 

1.57 

1939-40  : 

1942-43 

October 

4,94 

23.30 

.73 

October 

11.75 

42.70 

1.58 

November 

4.83 

32.70 

.32 

November 

11.75 

46.60 

1.58 

December 

5.12 

34.95 

.97 

December 

11.75 

39.00 

1.59 

January 

5.33 

33.90 

.1.03 

January 

11.75 

39.35 

1.59 

February  ! 

5.40 

29.95 

.96 

February 

11.7  5 

39.60 

1.60 

March 

5.73 

30.45 

1.01 

March 

11.7  5 

40,60 

1.65 

April  : 

5.51 

29.65 

1.00 

April 

11.75 

40.60 

1.67 

May  : 

5.33 

20.65 

.96 

Mav 

11.75 

40,  55 

•1.72 

June  : 

4.72 

24.40 

.79 

June 

11.75 

40  /40 

1.73 

July 

4.72 

22.25 

.73 

July 

11.75 

40.40 

1.70 

August  '' 

4.36 

24.60 

.67 

August 

11.7  5 

51.90 

1,68 

September  ' 

4.11 

27.00 

.69 

September 

11.75 

51„90 

]  .69 

1940-41 

1943-44 

October  ' 

3.91 

25o90 

.67 

October 

11.7^ 

51.90 

1.80 

November  " 

4.29 

30 «  50 

.34 

November 

11.75 

51^90 

1180 

December 

4-48 

29..60 

.81 

Dec  onboT* 

11.75 

51  °0 

1  81 

January 

5.32 

29.75 

.89 

January 

11.80 

51.90 

1.32 . 

February'' 

5  c  0b 

r  04f 

February 

11.80 

51o90 

1.85 

March  : 

6,03 

26CS5 

.89 

I  larch 

11.80 

51.90 

1.80 

April 

7.  58 

27.50 

1.07 

April 

11.80 

51,90 

1.91 

May  • 

bM 

28.10 

1.19  . 

May 

11.30 

51.90 

1.93 

June  • 

9,62 

20.70 

1.23 

June 

11.80 

51,90 

1.93 

July  J 

9.79 

33.80 

1.30 

July 

11.80 

51.90 

1.91 

August  : 

9.47 

36.20 

1.29 

Augus  t 

11.80' 

51.90 

1.90 

September  : 

10.50 

41.40 

1.61 

September 

11,30 

52.00 

1.93 

Source:  U. 

S.  Dept. 

of  Agr. 

Statistics. 
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The  supply  situation  of  soybeans  also  affects  their  movement.    Until  the 
marketing  year  194-2-4-3,  the  industry's  capacity  for  processing  beans  was 
greater  than  the  annual  supply  available  for  crushing.  Consequently, 
surplus  stocks  at  the  end  of  the  marketing  year  were  negligible,  and  In 
some  instances  processors  were  forced  to  bid  against  each  other  inordi- 
nately at  certain  times  during  the  year  in  order  to  obtain  enough  beans 
to  keep  operating.    This  situation  .has  had  a  tendency  to  increase  specu- 
lative activity  by  farmers  and  the  public. 


UTILIZATION  OF  "WHOSE  SOTBEAM 
Seed 


Each,  year  .a*  certain  portion  of  the  soybean  production  must  be  reserved  . 
for  the  next  year's  seeding  operations.    Some  of  this  seed  is  required  . 
for  the  production  of  beans,  some  for  the  production  of  green  cover  crop 
for  "turning  under  as  a  soil  builder.     -The  quantity,  viability,  method  • 
of  planting,  and  similar  factors  have  been  discussed  in  previous  sections 
In  the.  period ■ 1930-39  the  quantity  of  seed  used  per  planted  acre  for  all 
purposes   (interplanted  acres  counted  as  one-half)  averaged  72  pounds  per 
acre.  ,  In  1941  it  averaged  76.2  pounds  and  in  1942,  79.2  pounds.  The 
total  quantity  of  seed  used  annually  since  1930  has  ranged  from  3,S1±,  000 
in  193.0  to  20,331,000  bushels  in  1942. 


aeea 


■  *  •  * 

Soybeans,  like  other  grains,  can  be  utilized  as  feed  in  several  different 

forms..    The  entire  bean, .  either  in  its  whole  form  or  cracked  or  ground, 
or  the,  residue  after  oil  processing  can  be  utilized.    Also  the  entire 
plants  can  be  harvested,  when  the  beans  are  about  half -developed,  'and  used 
as  hay. 

Whole  soybeans  pan  be  fed  to  livestock  to  provide  the  protein  supplement 
in  feed  mixtures,  but  their  large  content  of  oil,  when  fed  in  too  large 
proportions,  results  in  soft  fat  in  hogsZ/  and  soft  butter—'  when  fed  to 
dairy  cattle.    .  .  _  t  ■ 

The  Iowa  State  College  of  Agriculture^/  claims  that,  according  to  their 
experiments,  soybeans  have  a  value  as  a  protein  supplement  in  the  dairy 
ration,  at  least  equal,  if  not  superior,  to  linseed  oilmeal  and  cottonseed 
meal,  ,the  two  concentrated  protein  supplements  most  commonly  used  in  Iowa. 


U  Carroll,  W.  E.    Soybean  oilmeal,  a  valuable  protein  supplement  for 
swine.    Animal  Husbandry  Department,  University  of  Illinois,  AH1012 
(1940). 

§/  Utilizing  the  soybean  in  livestock  feeding.    University  of  Illinois 
Agricultural  Experiment  Station.    Circ.  369  (1937). 

£/  Feeding  soybeans.     la'.  Sta.  Ext.  Cir,  215.  1940. 
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Until  comparatively  recently,  the  feeding  of  unprocessed  soybeans  was  con- 
sidered conducive  to  scouring  in  dairy  cattle,  but  more  recent  investi- 
gators have  failed  to  confirm  this.    However.,  some  of  the  essential  amino 
acids  in  soybean  protein  are  not  readily  available  to  "critical"  animals 
whose  demands  for  protein  are  rather  exacting.    This  class  of  animals  in- 
cludes hogs,  lambs,  poultry,  calves^  dogs,  and  fur-bearing " animals ;  and 
in  order  for  these  to  use  soybean  protein  efficiently  it  is  necessary  to 
apply  a  heat  treatment,  apparently  to  make  the  cystine  and  methionine 
available.    The  relative  protein  efficiency  of  raw  soybeans  may  be  only 
40  percent,  but  the  cooked  or  toasted  soybean  protein  exhibits  efficien- 
cies of  85  to  95  percent.     It  is  for  this  reason  that  properly  processed 
soybean  oilmeal  is  greatly  preferred  by  feeders  instead  of  raw  soybeans. 

The  quantity  of  soybeans  fed  to  livestock  on  farms  where  produced  amounted 
to  about  5  percent  of  the  total  production  in  194-1,  or  about  5.6  million 
bushels.    The  quantities  fed  in  1939  and  194-0  -acre  5.6  and  5.1  million 
bushels,  respectively. 

Discussion  of  utilization  of  soybean  oil-cake  meal  for  feed  appears  in  a 
later  section  on  the  utilization  of  the  protein  fraction. 

Soybeans  have  increased  in  importance  as  a  hay  and  seed  crop  during  the 
past  decade.    If  the  plants  are  cut  when  the  seeds  arc  about  half  de- 
veloped and  the  plants  properly  cured,  a  hay  which  has  a  high  content  of 
digestible  protein'  is  obtained.    This  hay  can  be  fed  profitably  to  all 
kinds  of  livestock,  makes  an  excellent  winter  ration  for  young  cattle, 
sheep,  horses,  and  mules,  and  has  been  used  to  good  advantage  for  hogs 
and  poultry.    Soybean  hay,  produced  on  the  farm  where  it  is  fed,  is  a 
cheap  source  of  protein  for  balancing  feeds  for  livestock,  milk,  and 
butter  production.    Soybeans  usually  yield  from  1  to  3  tons  of  hay  to  the 
acre,  and  occasionally  4  to  5,  depending  upon  the  fertility  of  the  soil 
and  upon  the  season.    During  the  10-year  period,  1930-39,  the  average 
production  of  hay  was  4,098,000  tons  j  in  1941,  4,779,000  tons;  and  in 
1942,  3,945,000  tons.     The  drop  in  1942  was,  no  doubt,  occasioned  by  the 
necessity  of  using  all  possible  soybeans  for  processing  into  oil.  mar- 
keting of  soybean  and  soybean  mixed  hay  is  done  under  the  uniform 
standards  as  set  forth  in  the  handbook  of  Official  Hay  Standards  prepared 
by  the  U.S.D.A. 

The  development  of  more  economical  methods  and  suitable  machinery  in  har- 
vesting and  handling  the  crop  has  been  one  of  the  chief  factors  in  in- 
creased seed  production.     In  regions  where  proper  harvesting  equipment  is 
readily  available  and  where  there  is  an  established  market  for  soybeans 
it  is  more  profitable  to  harvest  the  beans  for  processing  into  oil  and 
feed  than  to  harvest  the  crop  as  hay. 
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•  Food 

Although  soybeans  were  first  grown  in  this  country  as  a  forage  crop,  cer- 
tain edible  varieties  are  now  coming  into  use  as  a  valuable  addition  to 
our  list  of  vegetables,  both  in  the  fresh  and  dry  form.    The  fresh,  or 
green  .shelled,  beans  are  very'  rich  in  vitamin  A  and  are  also  a  very  good 
source  of  vitamin  B]_.  and  of  riboflavin.    The  dry  soybeans,  -however,  are 
not  good  sources  of  vitamin  Bj_  and  riboflavin.    Also  they  contain  con- 
siderably less  vitamin  A  than  the  fresh  green  soybeans.    They  are  richer 
in  .protein.,  and  fat  than,  other  common  table  beans.    .This  protein  consists 
of  9  -percent  lysine,  one.  of  "the  10  amine  acids  known  to  be  necessary  for 
growth  and  maintenance  of  body  tissues,- -whereas  the  gluten  of  wheat 
flour  consists  of  only  2  percent  of  this  essential  amino  acid.    On  the 
average,  dry  soybeans  contain  about  1-1/2  times  as  much  protein  ana  12 
times  as  much  fat  as  other  dry  beans.    The  carbohydrate  content  of  soy- 
beans is  comparatively  low,  about  12  percent  available  carbohydrates  in 
the  dry  beans  'and  6  percent  in  'the  green  shelled  soybeans'.    Both  the 
fresh  and  the  dry  beans  are  good  sources  cf  the  mineral  elements,  calcium,- 
phosphorus,  and  iron. 

From  the  dry  soybeans  come  a  number  of  products,  some  of  which  are  pro- 
duced in  only  small  quantities.     These  include  flour  and  grits  (made 
either  from  the  whole  beans  or  from  oil  meal),  "milk,"  curd,  and  soy 
sauce.    Because. of  the  glutamic  acid  contained  in  the  protein, . soybeans 
are  a  possible  source  of  mono-sodium-glutamate,  a  material  used  for  im- ; 
parting  meat  flavors  to  foods,  but  present  commercial  production  is  de-  • 
rived  from  YJheat  protein  because  glutamic  acid  is  more  readily  available 
in  relatively  concentrated  form  as  the  byproduct  of  certain  wheat  proc- 
essing operations.    Products  made  from  whole  soybeans  are  similar  to  the 
dry  soybeans  in  food  value  while  oil-cake  meal  products  resulting  from 
oil- processing  are  much  lower  in  fat  content  and  higher  in  protein  and  ■ 
carbohydrate.     In  general,  products  derived  from  soybeans  and  soybean  oil 
meal  are  not  used' alone  but  are  used  to  raise  the  protein  content  of 
other  foods.    They  can  be* blended  with  wheat  flour,  for  use  in  bakery  prod- 
ucts, mixed  with  breakfast  cereals,  used  in  soup,  in  preparations  of  de- 
hydrated and  dry  soup  concentrates,  and  in  prepared  meat  products  as  an 
extender  to  maintain  or  raise  the  protein  level. 

Normally,  soybean  processing  has  as  its  objective  the  production  .of  oil 
and  meal,  using  expellers,  screw  presses,  solvent  extractors  or  hy- 
draulic presses.    Prior  to  World  War  II,  nearly  all  soybeans  entering 
commercial  channels  were  consumed  in  this  manner,  but  relatively  small 
amounts  were  used  to  manufacture  soy  flour  for  human  consumption.  Some 
types  are  made  in  a  manner  quite  similar  to  the  processing  methods  used 
for  oil  and  meal,  but  others  are  produced  by  distinctly  different  pro- 
cedures.   Much  of  the  soy  flour  Is  manufactured  as  a  side-line  by 
processors  whose  principal  business  is  the  production  of  oil  and  meal, 
but  practices  in  soy  flour  grinding  are  somewhat  unique  and  merit 
separate  treatment  in  any  discussion  of  the  soybean  processing  industry* 
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Before  World  War  II,  approximately  25  million  pounds  of  soy  flour  were 
used  each  year  in  baked  goods,,  neat  extenders,  pot  feeds,  and  similar 
products.    War-time  shortages  of  meats  focused  attention  upon  soy  flour 
as  a  replacement  material  for  a  portion  of  the  usual  proteins  in  human 
diets,  and  there  was  accordingly  a  tremendous  increase  in  its  produc- 
tion for  both  domestic  and  overseas  use. 

For  purposes  of  strengthening  war-time  diets  nutritionally  the  War  Food 
Administration  encouraged  the  voluntary  inclusion,  in  the  form  of  either 
grits  or  flour,  of  small  percentages  of  soy  products  in  bread,  soap 
powders,  macaroni,  breakfast  cereals,  pancake  flours,  confections,  and 
sausages . 

Soy  ^f  lour  is  made  in  many  forms,  but  is  of  three  general  types,  "low-fat," 
"medium-fat,"  and  "full-fat."    The  full-fit  type  is  made  by  grinding 
whole  soybeans,  the  medium-fat  by  pressing  the  beans  in  cxpellers  or 
screw  presses  before  grinding,  and  the  low-fat  type  by  grinding  meal  from 
which  the  oil  has  been  solvent  extracted.    Soy  grits  are  a  product  quite 
similar  in  composition  to  soy  flour,  but  not  ground  to  a  fine  powder. 
They  are  used  mainly  in  meats,  as  extenders,  and  in  various  confections 
and  baked  goods  as  a  garnish. 

The  essential  steps  in  the  manufacture  of  soy  flour  are  removal  of  the 
hulls,  debittering,  grinding,  .and  sifting  or  bolting,  but  not  always  in 
the  order  mentioned.    The  beans  are  dehullcd  by  coarsely  cracking,  fol- 
lowed by  aspiration  or  by  some  similar  separation  method*  Commercial 
varieties  of  beans  have  a  characteristic  flavor  which,  though  not  par- 
ticularly disagreeable,  it  is  preferable  to  remove.    This  step  in  the 
process  is  known  as  debittering  and  is  accomplished  by  a  wide  variety 
of  methods,  such  as  treatment  with  heat,  steam,  and  various  other  gases. 
For  full-fat  flour,  the  beans  arc  ground  in  roller  mills  and  the  product 
is  bolted  through  silk,  much  the  seme  as  in  ordinary  flour  milling.  In 
the  production  of  medium-fat  and  low-fat  flours,  the  dehullcd  and  dc- 
bittcrcd  beans  are  passed  through  expellers  or  solvent  extractors  before 
the  final  milling.     In  all  types,  the  requirement  is  that  95  percent 
shall  pass  through  the  U.  3.  Standard  No.  120  woven  wire  cloth  sieve. 

The  production  of  soy  flour  requires  considerably  more  care  than  that  of 
soybean  oil  meal  intended  for  animal  feed  only,  for  the  beans  must  be 
selected  for  quality  and,  as  in  all  food  processing  plants,  sanitary  pre- 
cautions must  be  observed.    Most,  but  net  all,  soy  flour  is  manufactured 
in  mills  which  also  process  soybeans  for  oil  and  oil  meal  feed.     In  ex- 
pellcr  type  plants,  one  or  more  cxpellers  or  screw  presses  are  frequently 
operated  separately  from  the  rest,  and  these  crush  the  dehullcd  and  de- 
bittered  beans  from  which  low-fat  flour  is  to  be  made,    when  low-fat  flour 
is  made  by  solvent  extraction,  the  usual  practice  is  to  operate  the  ex- 
tractor alternately,  a  few  days  on  flour  and  a  few  on  meal,  depending  upon 
the  relative  tonnages  of  meal  .and  flour  required.     The  oil  obtained  in 
making  medium-fat  and  low-fat  flours  is  marketed  in  the  same  manner  as 
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that  obtained  from  meal  production,,  the  two  usually  being  mixed  as  they 
are  produced.  The  use  of  soy  flour,  particularly  of  the  medium-fat  and 
low-fat  -types,  is  discussed  further  in  a  later  section  dealing  with  the 
utilization  of  soybean  protein, 

INDUSTRIAL  DEVELOPMENT 

Inasmuch  as  the  greater  part  .of  soybean  production  is  processed  by  a 
specialized  industry  before  it  is  consumed,  soybeans  are  predominately 
a  cash  (see  tables  13  and  14)  crop.    Consequently,  the.  agricultural  ex- 
pansion of  soybean  culture  in  the  United  States  is  closely  associated" 
with  the  development  of  the  soybean  processing  industry,  and  both  phases 
owe  much  of  their  early  expansion  and  development  to  the  foresight,  co- 
operation, and  aggressiveness  of  a  £ew  agricultural  and  business  leaders. 

History  of  Industry 

The  first  Soybeans  processed  in  this  country  were  imported  from  Manchuria 
in  1911  and  crushed  in  a  small  mill  in  Seattle,  Washington'.  Domestic 
soybeans  were  first  crashed  commercially  at  Elizabeth  City,  North  Carolina 
in  1915.    As  North  Carolina  led  in  the  production  of  soybeans  at  that 
time, ■two  other  mills  in  the  state,  one  at  Winter vi lie,  the  other  at 
Washington,  soon  began  crushing  soybeans.    All  of  these  enterprises,  how- 
ever, were  on  a  very  small  scale  and  lasted  for  only  a  short  period. 

During  World  War  I  the  serious  shortage  of  fats  and  oils  made  necessary 
the  importation  of  large  quantities  of  soybean  oil.    Most  of  these  imports 
were  from  Manchuria  and  were  frequently  of  very  low  quality.    After  the 
"War,  the  low  quality  of  imported  oil,  together  with  the  increasing  popu- 
larity of  soybeans  as  a  leguminous  forage  and  fertilizer-  crop,  stimulated 
interest  in  soybeans  both  agriculturally  and  industrially. 

In  the  1917-13  season  it  was  decided  to  attempt  soybean  processing  in  a 
small  mill  operated  by  the  Chicago  Heights-  Oil  Manufacturing  Co.,  Chicago 
Height's,  111.,  which  was  then  operating'  with  hydraulic  presses  on  linseed 
and  with  expeller  equipment  on  corn  germs  and  mustard  seeds.    However,  the 
demand  for  soybeans  that  fall  for  planting  purposes  was  so  great  that  only 
a  very  small  quantity  of  soybeans  "was  obtained  by  the  mill.    This  small 
quantity  was  used  to  determine  methods  of  grinding  and  drying.  Similarly 
a  large  demand  for  soybeans  for  seed  the  following  year  again  prevented 
the  obtaining  of  adequate  supplies  locally,  so  in  1921  the  mill  bought  10 
carloads  of  soybeans  in  North  Carolina  and  Virginia  from-  which  it  produced 
4  carloads  of  oil  with  its  expeller  equipment. 

In  1922  and  1923  enough  soybeans  were  accumulated  by  the  mill  to  try  out  . 
its  hydraulic  presses  and  these  also  worked  satisfactorily.    It  was  then 
evident  that  from  the  technical  standpoint  soybean  processing  could  be 
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successful  in  this  country*    However,  in  order  to  ptade . the  processing 
of  soybeans  on  a  commercial  basis,  it  wa#  necessary  that  assured  mar- 
kets for  the  oil  and  meal  be  found  and  that  an  adequate  supply  of  beans 
be  available  for  processing.    To  accomplish1  this,  a  campaign  to  en- 
lighten potential  consumers  concerning  the  merits  of  soybean  oil  and 
meal  and  a  program  of  research  to  expend  the  applicability  of  these- 
products  were  undertaken  by  processor^.    Simultaneously  better-adapted 
and  higher-yielding  soybean  varieties  ■yrere  being  developed  by  the  U.  S. 
Department  of  Agriculture  and  agricultural  experiment  stations,  and 
farmers  were  being  encouraged  to  grow  more  beans  for  crushing. 

The  A.  E.  Staley  Manufacturing  Company  of  Decatur,  111,,  a  long-established 
manufacturer  of  corn  products,  entered  the  soybean  processing  field  in 
1922  and  did  much  toward  de vellojAng  the  market  for  soybeans  and  in  en- 
couraging farmers  to  grow  soybeans  for  crushing.    Many  problems  had  to  be 
overcome,  however,  in  both  production  and  marketing  before  the  soybean 
processing  industry  became  what  it  is  today.    From  the  1924  crop,  the 
first  year  for  whioh  figures  are  available,  307,000  bushels  of  soybeans 
were  crushed  in  this  country.    For  the  next  10  years  soybean'  processing 
increased  steadily  but  not  rapidly  'see  table  13) 5  for  example,  in  "1.933, 
3,054,000  bushels  were  processed.    The  industry  expanded  as  other  large 
concerns  (such  as  Allied  Hills,  Inc.,  Archer>-Daniels-IIidland  Co., 
Central  Soya  Co.,  Glidden  Co.,  Ralston  Piiriia  Co.,  Spencer  Kellogg  and 
Sons,  Inc.,  Swift  and  Co.,  Etc.)  entered  Vie  industry,  and  the  recent 
increase  in  soybean  oil  and  meal  production  has  been  phenomenal.  From 
the  I94I  crop,  706,661,000  pounds  of  soybean  oil  and  approximately 
1,345,000  tons  of  meal  were  produced  frcm  the  crushing  of  77,131  bushels 
of  soybeans.    Estima.tes  of  the  yields  of  products  made  from  the  1942  crop 
of  soybeans  are  given  as  1,198,207,000  pounds  of  oil  and  3,179,000  tons 
of  meal  produced  from  132,575,000  bushels  of  soybeans. 

Considerable  assistance  has  been  given  to  the  industry  in  recent  years, 
particularly  in  the  field  of  industrial,  utilization  of  soybean  products, 
by  the  United  States  Regional  Soybean  Industrial  Products  laboratory 
established  at  Urbana,  111.  in  1936  unler  authority  of  the  Bankhe ad- 
Jones  Act  of  1935.    The  chemical  and  engineering  sections  of  this 
Laboratory  were  transferred  to  Peoria,  111.  on  July  1,  1942  and  absorbed 
by  the  Northern  Regional  Research  Laboratory. 

Processing 

Growth  of  the  soybean  processing  industry  in  the  United  States  has  been 
extremely  rapid,  particularly  when  contrasted  with  the  bean  crushing 
industry  of  Manchuria  which  is  still  in  a  rather  primitive  stage  of 
technological  development."    Of  particular  interest  is  the  manner  in 
which  oilseed  processing  technology  has  been  modified  as  a  result  of 
developments  in  the  soybean  industry. 


Immediately  after  For  Id  'Jar  I,  Germany  undertook  the  processing  of  soy- 
beans, imported  from  Manchuria,  on  a  considerable  scale.    The  oil  was  in 
great  demand  for  food  uses,  and;  the  protein  meal  was  .needed  -for  livestock 
production.    The  necessity  for  recovering  maximum  possible  amounts  of  oil 
led  to  the  development  of  .highly  efficient  solvent  extraction  systems, 
which  were  installed  in  large  mills  in  and  near  Hamburg  and  other  oilseed 
crushing  centers.    In  the  United  States,  on  the  other  hand,  where  domestic 
production  of  fats  and  oils  is  more  nearly  on  a  self-sufficient  basis  the- 
soybean  industry  grew  up  around  the  expeller,  which  is  a  continuous  press, 
somewhat  less  efficient  in  oil  removal  than  solvent  equipment. 

Attempts  were  made  as  early  as  1923  to  introduce  solvent  extraction  to  the 
American  soybean  industry,  but  without  success.    The  principal  reason  for 
early  failures  was  the  small  supply  of  soybeans,  for  this  country  had  not 
undertaken  the  importation  of  Manchurian  soybeans  on  a  scale  comparable 
with  that  adopted  by  Germany,  nor  had  there  been  any  urgent  market  demand 
for  soybean  oil  and  .meal  to  justify  immediate  domestic  production  on  a 
tremendous  scale.    The  superiority  of  the,  German  oilseed  extraction  system 
could  not  be  denied,  however,  and  at.  least  one  short-lived  installation 
of  German-built  soybean  extraction  equipment  was- made . in  .this  country  in 
1924.    I\was  not  until  10  years  later,  however,  that  the  first  permanent 
solvent-type  soybean  mills  were  built  in* this  country,  and  thoy  were  like- 
wise of  German  manufacture.    As  a  matter  of  fact,  German  extraction  systems 
are  nor:  used  the  world  over,  and  many  of  their  desirable  features  are  in- 
corporated in  American-'built  machinery  which  has  subsequently  appeared  on 
the  market. 


Derived-.  Produc  ts 

Briefly,  soybeans  are  processed  in  three  ways,  mechanical  pressing,  sol- 
vent extraction,  and  grinding. -undef a tted  beans.    By  far  the  greater,  part 
of  the  soybean  crop  is  pressed  or  solvent  extracted  to  produce  oil  and  oil 
meal,  but  a  certain  amount -.of.  pressing  and  extraction  is  conducted  to  make  . 
medium-fat  and .  low-fat  flour,  .plus  some  oil.    In  addition,  -a  part,  of .  the 
crop  is  ground  without  prior,  removal; of  the  oil,  the  products  being. either 
full-fat  soy  flour  or  soybean  meal, .  depending  on  whether  it  is. destined 
for  human  or  animal  consumption*.  These  products  and  the  processes  used  in 
their  manufacturing  are  shown  in  phart  form  in  figure  2,  page  4-5. 

Production  of  Oil  and  Meal 

Soybeans  which  enter  commercial  channels  arc  nearly  all  processed  with 
the  objective  of  obtaining  the  oil,  .'leaving  a  high-protein 'residue  which  ' 
can  be  used  for  stock  feed  or  for  flour .    Y/hen  the  residue  is  destined 
for  stock  feeding  the  -Operation'  Is  known  as  "processing  for 'meal."  Gn 
the  other  hand,  if  the  residue  Is--' Intended  for  flour,  the  analogous-  tern:' 
is  "processing  for  flour."  ■  The  procedure  is  somewhat  different  in  the  ■■ 
two  cases.  -; ••  '  • 


Mechanical  pressing 
for  production  of 


i — Meal 


or 


I — Flour 


9  pounds  crude  soybean  oil 

48  pounds"old  process"  soybean. 

oil  meal, 41  percent  protein 
3  pounds  loss, approximately 


7  pounds  crude  soybean  oil 
44  pounds  medium  fat  soy  flour 
9  pounds  soybean  millfeed  and  loss 


, — Meal- 


Solvent  extraction 
for  production  of 


or 


I — Flour- 


II  pounds  crude  soybean  oil 

46  pounds"new  process"  soybean 

oil  meal,  44  percent  protein 
3  pounds  loss, approximately 


II  pounds  crude  soybean  oil 

40  pounds  low-fat  soy  flour 

9  pounds  soybean  millfeed  and  loss 


, —  Flour 


nr. 


Grinding  whole  soybeans 
for  production  of 


52  pounds  full-fat  soy  flour 

8  pounds  soybean  millfeed  and  loss 


or 


1 — Feed   60  pounds  soybean  meal 


Figure  2.-  Products  derived  from  processing  1  bushel  (60  pounds) 
of  soybeans  by  various  methods. 
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There  are  three  methods  in  common  use  for  processing  soybeans  to  yield 
oil  and  meal,  namely ,  continuous  pressing  (expellers  and  screw  presses), 
hydraulic  pressing,  and  solvent  extraction^    At  present  the  use  of  ex- 
pellers and  screw  presses  is  by  far  the  most  common.    Solvent  extraction 
is  used  to  a  lesser  extent  but  is  rapidly  gaining  in  importance.  In 
years  past,  hydraulic  presses  were  widely  employed,  but  their  use  is'  be- 
coming less.    As  a  war  emergency  measure,  however,  much  soybean  process- 
ing was  recently  conducted  in  hydraulic  presses.    In  the  Orient, 
hydraulic  presses  and  similar  equipment  are  the  only  types  of  soybean 
processing  machinery  ordinarily  used.    In  Europe  solvent  extraction  is 
relied  upon  almost  exclusively.    In  this  country  all  three  methods  are 
employed  to  a  considerable  extent,  as  shown  by  the  data  in  table  19,  page 
55.  . 

American  mills  which  use  hydraulic  presses  have  been  engaged  principally 
in  crushing  other  oilseeds,  such  as  cottonseed  and  linseed.    Such  mills 
can  be  adapted  easily  to  soybean  crushing,  but  the  unit  crushing  costs 
are  said  to  be  higher  than  those  encountered  either  in  the  continuous 
press  or  the  solvent  type  mills.    These  higher  costs  arc  due  largely  to 
the  increased  amount  of  hand  labor  required  for  a  batch  type  of  opera- 
tion.    It  is  for  this  reason  that  the  hydraulic  press  is  rapidly  becoming 
obsolete  in  Hie  soybean  crushing  Industry, 

In  the  hydraulic  press  type  of  processing,  the  beans  are  ground  and  then 
mashed  into  thin  flakes  by  passing  them  repeatedly  between  heavy  steel 
rolls.     They  are  then  cooked  in  special  heating  chambers  which  are  known 
as  "stack  cookers,"  after  which  the  hot  flakes  are  formed  into  rectangu- 
lar cakes  and  wrapped  with  a  hair  or  wool  mat.    These  wrapped  cakes  are 
inserted  between  the  plates  of  a  hydraulic  press,  there  being  openings 
for  a  large  number  of  them,  and  pressure  is  applied.    A  drainage  or  com- 
pression time  of  15-30  minutes  is  usually  allowed,  and  the  oil  exudes 
from  the  cakes  and  runs  into  a  trough  around  the  bottom  of  the  press. 
After  drainage  is  complete,  the  pressure  is  released,  the  cakes  are  re- 
moved, the  cloths  are  stripped  from  then,  and  the  cake  edges  are  trimmed 
off  for  repressing  because  they  contain  considerably  more  oil  than  the' 
bulk  of  the  cake.    The  rectangular  press  cakes,  resembling  flat  boards, 
are  ground  to  meal  at  the  mill  or  are  shipped,  as  is,  to  feed  manufac- 
turing companies, 

VJhen  continuous  presses  are  .used,  the  beans  are  rather  coarsely  cracked 
and  dried  to  a  moisture  content  of  2  or  3  percent,,    They  are  then  con- 
veyed to  a  tempering  apparatus  which  is  mounted  about  the  expoller  or 
screw  press  and  in  which  they  are  held  at  a  relatively  high  temperature 
in  order  to  cook  the  protein  and  to  equalize  temperature  distribution 
in  individual  particles.     The  hot,  granulated  material  is  then  fed  into 
the  pressure  zone  of  the  expeller  or  screw  press  in  which  it  is  com- 
pressed by  means  of'  a  powerful  rotating  screw  and  forced  through  a 
compression  chamber,  consisting  of  a  cylindrical  cage  composed  of  longi- 
tudinal steel  bars  spaced  a  few  thousandths  of  an  inch  apart. 
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Tremendous  pressures  are  developed  in  the  cylinder  both  because  of  the 
special  design  .of,  the  worm'-artd  because  of  an  adjustable  constriction  at 
the  exit  end  of.  the  chamber.    Under  the  influence  of  high  temperature 
and  high  pressure  the  oil  is  squeezed  out  of  'the  beans  and  escapes  from 
the  -compressed  material  by  flowing  out  through  the  slots  between  the 
bars..    The  residual  material  is  forced  onward  through  the  cylinder  and 
is  discharged  as  irregularly  shaped  fragments  containing  approximately 
4  percent  oil.    It  is  cooled  and  ground  to  produce  soybean  oil  meal,  as 
distinguished  in  the  trade  from  soybean  meal.    The  latter  consists  of 
ground  soybeans  from  which  the  oil  has-  net  been  removed.    The  crude  oil 
is  screened  and  then  clarified  by  filtration  before-  storage  in  outside  '• 
tanks  and  subsequent  shipment  to  the  refinery. 

In  the  solvent  extraction  of  oil  from  soybeans,  as  carried  out  in  this 
country,  the  beans  are  cracked,  and  their  moisture  content  is  adjusted 
to  approximately  12  percent;    They  are  then  rolled  into  thin  flakes  by 
passing  them  once  between  large  steel  roils,  and  they  are  then  passed 
through-  the  extraction  apparatus  in  which  the  oil  is  leached  out  by 
means  of  a  fat  solvent*    Many  kinds  of  apparatus  are  in  use  for  provid- 
ing, the  necessary  contact  between  flakes  and  solvents.    Some  use  screw 
conveyors,  some  employ  drag-link-  conveyors,  and  others  utilize-  moving 
chains  of  baskets  containing  the  material  to  be  extracted.    In  all  of 
these  apparatuses  the  flow  is  countercurrent :  that  is,  the  oleaginous 
material  passes  in  one  direction  "while  being  continuously  washed  by  a 
stream  of  solvent  passing  in  the  opposite  direction.     The  fresh  flakes 
are  treated  with  solvents  containing  considerable  oil  immediately  upon 
entering  the • apparatus ,  but  as  they  progress  through  the  chamber  the 
solvent  encountered • is  progressively  fresher. 

The  residual  solids  are  allowed  to  drain  and  are  then  discharged  from 
the  extractor  into  driers  which  evaporate  all  of  the  volatile  solvents, 
leaving  a  meal  containing  approximately  I  percent  or  less  of  oil.  This 
material  is  usually  given  a  supplementary  toasting  in  which  it  is 
heated  at  a  relatively  high  temperature  and  In  the  presence  of  moisture 
for  1  to  2  hours.    This  treatment.. produces  a  brown  color  and  pleasant 
flavor  and  odor  which  greatly  add  to  its  salabllity  to  the  feed  indus- 
tries.   The  solution  of  oil  in  the  solvent  which  leaves  the  extraction 
apparatus  is  known  as  "miscella."    It  is  filtered,  and  then  most  of 
the  solvent'  is  removed  by  means  of  an  evaporator  or  a  series  of 
evaporators,  some  having  rather  special  design.    The  final  traces  of 
solvents  are  removed  by  scrubbing  with  steam.    In  many  mills  the 
scrubbing  is  so  effected  that  excess  water  remains  in  the  oil  or  is 
added  subsequently  and  aids  in  hydra ting  tie  phosphatides  so  that  they 
can  be  readily  separated  either  by  settling  or  by  centrif uging.  These 
are  subsequently  purified  and  sold  as  commercial  lecithin. 
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Considerations  in  Determining  Size,  Typc-j  and  location  of  Plants 

Processing  Costs 

There  are  very  few  published  data  on  the  costs  of  installing  and  operating 
soybean  processing  mills,  and  the  best  sources  of  such  information  are 
the  manufacturers  of  equipment  used  in  the  process.    It  is  usually  a  sim- 
ple matter  to  determine  the  probable  costs  of  raw  materials  and  the  yields 
and  prices  of  the  finished  products  for  any  chosen  locality,  but  the 
operating  expenses  vary  considerably,  depending  upon  the  type  of  process, 
siae  of  installation,  continuity  of  operations,  and  other  factors. 
Typical  yields  and  values  of  the  products  obtained  per  bushel  of  soybeans 
at  expeller-type  mills  in  1934*44  were  about  as  follows : 

Quantity  land  value  of  products  from  one  bushel  of  soybeans: 
Oil    -    8.87  lbs.  av'rt-3/4  cents  .  .  £1.042 
Meal  -  47.37  lbs.  at  2-1/4  cents.  .  .  1.066 

Total  value  of  products  .  $2,106. 

Cost  of  one  bushel  of  soybeans  delivered  and 

stored  at  plant.   .  ..-  :    1.830  ' 

Operating  margin  per  bushel  •  .  .,...'£0.223 

The  approximately  23  cents  per  bushel  "spread"  between'  prices  of  raw  mate- 
rials and  products  would  have  to  cover  all  operating  expenses,  overhead, 
and  profits.    The  amount  of  this  "spread"  is  normally  subject  'to  market 
conditions,  and  for  several  years  -'prior  to  World  ".Var  II,  it  fluctuated  be- 
tween 14  and  20  cents  per  bushel  for  typical  expeller-type  mills:  located 
in  the  heart  of  the  soybean-producing  area.    During  World  "Jar  II,  disrupted 
economic  -conditions  resulted  in  the  establishing-  of  controlled  markets, 
with  the  soybean  industry  operating  under  government  contracts,  and  prices 
were  adjusted  to  allow  each  mill  a  fixed  operating  margin.  .'  The  data  just 
presented  should -therefore  be  considered  only  as  an  example  of  usual  soy- 
bean milling  yields,  for  the  reason  thai  purchase  prices  of  the  .soybeans 
may  be  adjusted  to  provide  the  operating  margin  to  which  a  given  mill  is 
entitled. 

The  approximate,  operating  margins  allowed  various  soybean  mills  under  the 
1943-44  government  contract -provided  some  measure-  of  comparison  between 
various  types  of  mills.     The  schedule-  classified  plants  three  "ways  accord- 
ing to  type  and  three  ways  according  to  sise"  as- follows :  .  •■■ 
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Operating  margin  allowed  - 
cents  per  bushel  


Solvent  type: 

Large  29 

Medium  30 

Small  31 

Expeller  and  screw  press  types: 

Large  24 

Medium  26 

Small  28 

Hydraulic  press  type : 

Large  •  29 

Medium  30 

Small  31 


Small  mills  are  those  handling  less  than  3,000  bushels  of  soybeans  per 
day,  medium  mills  have  capacities  of  3,000  to  6,000  bushels  per  day, 
and  large  mills  process  more  than  6,000  bushels  per  day.    An  analysis 
of  the  bare  operating  costs  in  solvent  and  expeller  type  soybean  mills 
is  given  by  Bilbe-^9/,  who  quotes  9.2  cents  per  bushel  in  a  120-ton  sol- 
vent mill  and  8.5  cents  in  an  expeller  or  screw  press  plant  of  comparable 
size.    These  figures,  which  of  course  do  not  include  administrative  and 
sales  expense,  profit,,  and  certain  other  items  of  overhead,,  are  based 
upon  utility  and  labor  prices  of  that  date.    The  article  in  question 
should  be  consulted  for  a  more  detailed  explanation  of  the  cost  analy- 
sis, for  the  data  presented  can  readily  be  altered  appropriately  to 
obtain  estimates  of  operating  costs  in  mills  of  different  sizes  than 
those  described,  for  comparative  purposes.    Although  the  solvent  system 
may  appear  slightly  more  expensive  to  install  and  operate,  the  ap- 
parent^ higher  initial  cost  and  operating  expense  are  usually  more  than 
compensated  for  by  the  extra  yield  of  oil  realized  in  the  extraction 
process . 

A  complete  study  of  operating  costs  in  mills  of  various  sizes  reveals 
that  it  is  much  cheaper  to  crush  soybeans  in  large  plants  than  in  small 
ones.    The  principal  items  contributing  to  higher  unit  operating  costs 
in  small  plants  are  wages  and  overhead  of  all  typos.    The  so-called 
fixed  charges,  such  as  taxes,  insurance,  depreciation,  etc.,  are  par-* 
ticularly  high  on  a  cos t-pe r-bushe 1  basis  if  the  mill  operates  only 
part  of  the  year.     It  is  for  this  reason  that,  in  the  larger  plants, 
every  effort  is  made  to  keep  the  plant  running  for  practically  32  months 
of  the  year.    Shut-downs  are  costly  and  are  avoided  if  at  all  possible. 


]£/  Bilbe,  C.  i/f,    Continuous  solvent  extraction  of  vegetable  oils. 
Mech.  Eng.  63,  357-60  (1941).    Cott.  and  Cott.  Oil  Press  42  (12), 
A-8,  A-9,  A-12  (1941). 


Size  of  Plant 


No  general  statement  can  be  made  in  regard  to  the  smallest  size  soybean 
mill  that  is  practicable.    The  answer  to  this 1  problem  varies  fro:,'  loca- 
tion to  location  in  accordance  with  many  economic  factors,  Several  of 
which  will  presently  be  discussed.    'In  most  cases,  but  not  always,  it 
is  necessary  to  have  available  a  supply  of  soybeans  sufficient  to 
assure  nearly  year-round  operation.    The  quantity  depends,  of  course, 
upon  the  size  of  the  plant. 

The  one-expeller  type  of  mill  has  proved  perfectly  satisfactory  in  many 
locations  for  small-scale  operation.    Crushing  about  20  tons  of  soybeans 
per  day,  it  would  require  approximately  200,000  bushels  to  operate  for 
300  days.    In  the  industry,  there  are  e::peller  type  plants  of  all  sizes, 
ranging  in  capacity  from  500  to  30,000  bushels  per  day*  but  one  having 

4-  to  8  expellers  or  screw  presses  ana  crushing  2,500  to  5^000  bushels  per 
day  is  typical.  Hills  of  this  size  are  located  rather  generally  through- 
out the  soybean  belt. 

Much  has  been  written  and  spoken  in  favor  of  the  ultra-small  soybean 
processing  installation,  which  can  be  installed  in  one's  barn,  and  also 
of  some  of  the  slightly  larger  versions,  operated  to  serve  a  small 
community.    A  great  deal  can  be  said  both  in  favor  of  and  against  such 
operations,  but  prior  to  the  time  when  the  Government  assumed  control 
of  the  soybean  processing  industry  as  a  war-time  measure,  not  one  had 
proved  itself  successful  by  independently  .operating  for  any  extended 
period. in  direct  cumpetition  with  larger  mills. 

It  is  true  that  freight  savings  allow  a  greater .margin  for  processing  ex- 
penses in  tiie  5-ton  or  10-tori  plant  which  operates  only  in  the  local  mar- 
ket, as  compared  with  a  larger  mill. which  ships  raw  materials  and  products 
considerable  distances.    But  it  is  also  true  that  unavoidable  items  of 
overhead  expense  in  the  small  mill  greatly  increase  the  processing  cost, 
per  bushel,  over  that  which  would  be  obtained  if  larger  equipment  were 
used. 

Expellers  and  screw  presses  designed  for  soybeans  are  not  made  commer- 
cially with  capacities  less  than  15  or  20  tons  per  day,  and  this  size  has 
proved  quite  satisfactory  under  some  conditions.    Host  efforts  to  develop 

5-  ton  and  10-ton  plants  have  consequently  been  devoted  to  solvent  extrac- 
tion, and  the  principal  difficulty  encountered  is  that  the  only  cheap 
solvents  available  are  similar  to  gasoline  and  are  hazardous  to  use.  In 
large  extraction  plants  extreme  measures  are  taken  to  minimize  explosion 
hazards,  and  it  requires  technically  trained  personnel  to  maintain  the 
requisite  standards  of  safety.    The  extremely  small  mill  can  hardly  afford 
to  retain  such  a  staff. 

During  the  past  10  or  more  years,  the  Ford  Ho  tor  Company  has  experimented 
with  small-scale  soybean  processing  and  has  operated  two  small  plants  to 
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demonstrate  the  method  developed  by  their  research  staff.    However,  in 
spite  of  considerable  publicity  and  a  number  of  attempts  of  others  to 
use  such  a  process  on  a  small  scale,  the  Ford  installations  are  still 
the  only  ones  of  their  type  in  operation.    Moreover,  the  Ford  Motor 
Company  subsequently  built  and  operated  a  considerably  larger  soybean 
mill  which  was  used,  at  least  until  the  United  States  became  involved 
in  World  'war  II,  for  supplying  oil  for  varnishes  and  other  materials  en- 
tering into  the  manufacture  of  the  Ford  automobile. 

A  final  answer  to  this  question,  i.e.,  the  feasibility  of  using  extremely 
small  solvent  units,  may  be  forthcoming  as  the  result  of  the  more  recent 
construction  of  5- ton  and  10- ton  extractors  designed  for  use  of  a  fire- 
proof solvent,  trichloroethylene.    This  solvent  is  about  5  to  6  times  more 
expensive  than  the  hexane  used  in  larger  solvent  mills,  and  it  has  never 
before  been  employed  on  a  large  scale  by  the  soybean  industry.    One  manu- 
facturer who  developed  such  apparatus  has  Installed  two  plants  rated  at 
10  tons  of  soybeans  per  day,  and  at  least  three  others  have  been  built  by 
other  firms.    No  estimates  are  yet  available  on  the  unit  cost  of  opera- 
tion, as  compared  with  the  one-expeller  mill,  but  the  results  obtained  in 
these  initial  installations  will  be  watched  with  great  interest  by  those 
who  have  studied  the  question  of  milling  soybeans  on  a  small  scale. 

In  considering  the  economic  aspects  of  a  soybean  processing  business — 
for  example,  one  that  Is  still  in  the  blueprint  stage — one  must  realise 
that  small-scale  and  seasonal  operations  can  hardly  be  avoided  in  many 
marginal  areas  where  the  volume  of  soybeans  available  is  limited.  The 
result  of  part-time  operations  is  obviously  higher  unit  operating  costs, 
but  these  are  frequently  compensated  for  by  favorable  marketing  condi- 
tions and  other  factors.    The  former  require  further  explanation,  but  as 
an  example  of  the  latter  there  might  be  cited  the  instances  in  which 
certain  mills,  located  somewhat  distantly  from  the  main  producing  areas, 
have  crushed  soybeans  part  of  the  year  and  linseed  or  other  oilseeds 
during  the  remainder  of  the  season. 

Milling-in-transit  privilege 

To  understand  fully  the  factors  which  must  be  considered  when  evaluating 
the  optimum  size  and  location  of  a  soybean  mill,  it  is  necessary  to  make 
a  distinction  between  so-called  " local"  and  "transit"  processing  opera- 
tions.   Some  mills  confine  their  activities  largely  to  one  or  the  other 
type  of  operation,  but  many  conduct  both. 

Local  operations  are  those  in  which  the  beans  arc  purchased  from  growers 
in  the  immediate  vicinity,  and  the  meal  is  sold  to  local  feeders.  There 
are  usually  no  freight  charges  on  the  soybeans  or  the  finished  meal  or, 
in  any  case,  these  charges  are  small. 

Transit  milling  is  based  upon  the  "mi lling-in- transit"  privileges  ex- 
tended to  processors  in  cases  where  the  raw  materials,  shipped  from 


some  distant  point,  are  unloaded  at  the  plant,  milled,  and  the  resulting 
meal  shipped  to  some  ultimate  destination  farther  along  approximately 
the  same  route  as  was  used  to  bring  the  raw  material  to  the  mill.  In 
other  words,  the  plant  is  presumably  located  on  the  transportation  route 
that  might  normally  be  employed  to  ship  the  beans  from  the  point  of  ori- 
gin to  the  ultimate  destination  of  the  meal.    Under  these  conditions,  the 
soybeans  are  milled  in  transit,  that  is,  the  oil  is  removed  during  a 
brief  stopover  at  the  mills.    This,  obviously,  represents  a  saving  in 
freight  over  milling  operations  in  which  the  outbound  products  move  to 
market  on  a  new  freight  billing,  independent  of  the  billing  of  the  inbound 
raw  material. 

Railroads  operate  under  a  very  complex  system  of  milling-in-transit 
schedules,  and  all  soybean  mills  engaging  in  transit  milling  require  the 
services  of  a  traffic  expert  to  assist  the  soybean  buyers  and  meal  sales- 
men in  arranging  purchases  and  sales  to  take  advantage  of  available 
"through  billing"  regulations. 

Some  localities  are  much  more  advantageously  situated  than  others  with 
respect  to  transit  rates  between  soybean  producing  areas  and  the  meal 
markets.    For  example,  Decatur,  111.,  is  in  a  particularly  strategic  lo- 
cation with  respect  to  soybeans  and  soybean  oil  meal,  and  it  is  for  this 
reason  that  Decatur  has  by  far  the  largest  concentration  of  soybean  proc- 
essing facilities  in  the  United  States  and  that  all  sales  of  soybean 
products  are  normally  made  on  an  f.o.b.  Decatur  basis. 

Because  of  the  centralization  of  the  soybean  industry  in  Decatur  and  the 
consequently  large  volume  of  transit  movement  to  and  from  that  city,  the 
prices  of  soybeans  from  more  distant  sections  have,  in  years  past,  been 
determined  largely  by  the  transit  freight  rates  required  in  order  to  de- 
liver the-  raw  material  to  Decatur  at  the  market  prices  being  paid  there. 
Similarly,  meal  prices  were  generally  determined  by  the  transit  freight 
rates  that  must  be  paid  in  order  to  ship  meal  from  Decatur  to  points  of 
destination.    In  many  cases,  soybean  prices  were  computed  on  the  basis  of 
the  Chicago  price  less  applicable  freight^  but  meal  prices  were  prac- 
tically always  the  prevailing  Decatur  quotation  plus  freight. 

Under  the  preceding  conditions  it  is  apparent  that,  although  a  very  small 
mill  or  one  doing  a  seasonable  business  could  hardly  hope  to  survive  if 
located  near  Decatur,  these  small  plants  situated  in  more  remote  areas 
enjoyed  freight  rate  advantages  which  largely  offset  their  higher 
operating  costs.    It  is  also  obvious  that  the  mills  located  some  distance 
from  Decatur  could  ordinarily  realise  a  greater  processing  margin  on  that 
portion  of  their  crush  conducted  on  locally  grown  soybeans,  as  compared 
with  that  portion  conducted  on  a  transit  basis.    These  factors  require 
very  careful  consideration  by  anyone  contemplating  embarking  on  a  soybean 
processing  venture. 

There  is  at  least  one  other  way  in  which  transit  rates  sometimes  benefit 
processors  located  in  certain  areas  distant  from  the  soybean  belt. 


"Whether  or  not  "through  billing"  is  available  on  the  soybeans  milled', 
shipment  of  the  oil  takes  a  considerably  higher  freight  rate  than  that 
applicable  to  the  beans  and  meal.    It  is,  therefore,  frequently  an  ad- 
vantage to  be  located  near  the  oil  markets  so  that  a  substantial  saving 
can  be  made  in  the  cost  of  transporting  the  oil. 

At  present  (1943-46)  the  freight  advantages,  formerly  accruing  in  many 
outlying  areas  by  virtue  of  the  industry's  centralization  in  Decatur, 
are  more  or  less  in  abeyance  because  fairly  uniform  soybean  and  soybean 
oil  meal  prices  have  been  established  as  part  of  the  war -tine  soybean 
program.    It  would  be  expected,  nevertheless,  that  the  practice  of  ap- 
plying freight  discounts  and  premiums,  based  on  Decatur,  would  re- 
establish itself  when  war-time  marketing  restrictions  are  relaxed.  Many 
new  mills  have  been  constructed  since  the  government  assumed  control  of 
the  industry,  however,  and  a  considerable  portion  of  the  Iowa  crop  that 
was  formerly  shipped  to  Decatur  for  milling  in  transit  may  be  crushed  in 
these  districts  in  the  future.    It  is  therefore  hazardous  to  make  any 
prediction  regarding  the  exact  role  which  the  "Decatur  basis"  of  deter- 
mining prices  will  play  in  the  postwar  soybean  industry. 


Other  Economic  Factors 

Another  practice  of  the  soybean  industry,  and  one  that  needs  little  ex- 
planation, is  that  of  hedging  all  purchases  and  sales.    Processors  buy 
most  of  their  beans  and  sell  most  of  their  oil  and  meal  for  future  de- 
livery, and  contracts  are  generally  negotiated  in  accordance  with  trad- 
ing rules  adopted  by  the  National  Soybean  Processors  Association, 
3813  Board  of  Trade  Building,  Chicago  4j  111.    A?  in  all  agricultural 
processing  industries,  gambling  on  the  markets  tempts  disaster.    It  is 
the  usual  custom  to  sell  oil  and  meal  corresponding  to  every  car  of  beans 
purchased,  or  vice  versa,  at  prevailing  prices*    Operating  on  this  basis, 
the  processor  knows  exactly  'what  processing  margin  he  will  have  on  every 
bushel  he  processes.    Obviously,  if  prevailing  future  prices  for  soy- 
beans, oil  meal,  and  oil  do  not  afford  a  processing  margin  commensurate 
with  his  expected  yields  and  operating  costs,  a  processor  stays  out  of 
the  market  and  awaits  a  price  change  that  '.rill  enable  him  to  do  business 
at  a  profit.     It  is  sometimes  the  case,  however,  that  on  account  of  o : er- 
head  costs,  an  operator  considers  it  preferable  to  run  at  a  slight  loss 
rather  than  to  shut  down  his  plant. 

The  preceding  are  only  a  few  of  the  many  factors  that  require  thorough 
investigation  in  connection  with  choice  of  sise  and  location  of  a  soy- 
bean processing  plant,  but  they  are  among  the  most  important  ones.  The 
proximity  of  other  mills  which  would  compete  for  raw  materials  and  for 
meal  markets  is  likewise  a  vkcal  consideration. 

A  word  of  caution  here  might  be  in  order  for  those  who  contemplate  soy- 
bean processing  as  a  prospective  new  business  venture  but  who  have  not 


had  oil  milling  experience.    Oilseed  processing,  particularly  the  opera- 
tion of  expellers,  screw  presses,  and  solvent  extractors,  is  a  highly 
technical  field  which  requires  the  services  of  well-trained  and  experi- 
enced operators.    No  fixed  rules  can  be  given  for  conducting  many  steps 
in  the  processes,  and  it  is  necessary  to  rely  entirely  upon  the  operator's 
judgment,  based  on  experience,  in  order  to  maintain  proper  conditions  to 
yield  marketable  products  with  a  minimum  of  conversion  cost.    The  services 
of  a  reliable  firm  of  consulting  engineers  with  a  background  of  oil  mill- 
ing experience  would  be  an  excellent  investment  for  anyone  not  thoroughly 
familiar  with  the  field  who  expects  to  engage  in  any  type  of  soybean 
processing. 

Location  and  Capacity  of  Existing  Plants 

The  soybean  processing  industry  consists,  for  the  most  part,  of  mills 
which  crush  nothing  but  soybeans  and  of  a  very  few  which  crush  soybeans 
most,  of  the  time  but  not  exclusively.     In  addition,  there  are  a  large  num- 
ber of  cottonseed,  linseed,  and  other  oilseed  mills  which  handle  soybeans 
only  a  small  part  of  their  operating  time  or  which  have  been  temporarily 
converted  to  soybean  crushing  to  meet  v.-.-  hi  e  requirements.    In  discuss- 
ing the  development  and  present  economic  position  of  the  soybean  industry, 
it  is  necessary  to  neglect  or  to  treat  as  a  small  separate  group  the 
temporary  and  part-time  soybean  mills,  as  their  operations  are  ordinarily 
quite  variable . 

In  May  1945  the  total  crushing  capacity  of  the  soybean  Industry,  excluding 
temporary  and  part-time  mills,  but  including  current  construction,  was  es- 
timated to  be  547,513  bushels  per  day,  or  189,441*000  bushels  per  346-day 
year.    Of  this,  66.3  percent  used  expellers  and  screw  presses,  31.4  percent 
used  solvent  extraction  equipment,  and  1.8  percent  used  hydraulic  presses. 
Table  19  summarizes  the  soybean  processing  industry  in  more  detail.  Table 
20  gives  the  estimated  capacities  of  the  nine  largest  operators  in  the 
business  in  May  1945 • 

Soybean  processing  is  centralized  in  the  North  Central  states,  with  a  cer- 
tain minor  proportion  distributed  in  marginal  producing  areas,  and,  in 
some  cases,  in  locations  rather  remote  from  the  soybean  belt.    The  esti- 
mated distribution,  by  areas,  is  given  in  table  21. 

The  perennial  question  of  whether. an  agricultural  processing  industry 
should  become  centralised  in  a  relatively  few  large  plants  or  whether  it 
should  develop  as  a  large  number  of  community  mills,  each  serving  mainly 
their  local  producing  areas,  has  been  argued  at  gregjt  length  by  those 
responsible  lor  the  soybean  industry's  development.    The  linseed  crushing 
industry  is  an  example  of  the  former  type  of  operation,  and  the  cottonseed 
industry  exemplifies  the  latter  extreme.    In  the  case  of  the  soybean  in- 
dustry, the  major  part  of  the  crushing  capacity  is  in  the  hands  of  a  rela- 
tively few  operators-,  but  by  no  means  to  the  exclusion  of  small  mills. 
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Table  19.-  Summary  of  soybean  processing  facilities  and  operation  status, 
excluding  mills  crushing  soybeans  temporarily  or  less  than 
half  their  operating  time.  -  May  1945 


±y           Ul    IILL  J-J~  ctlJAJ. 
fl'tvi'iVUS    of    OViCiTFlfA  OX) 

„ 

• naci  tv 

Proportion 
:  of  U.  S. 

:  total 
;  capacity 

:  : 

*  nanfl c i tv • 

Proportion 
of  U.  3. 

total 
capacity 

Bu./day 

Percent 

'Bu./day 

Percent 

Type  of  equipment  used 

Anderson  expellers,  all  types 

(356  presses) 

[228,690 

41.8 

Anderson  super-duo  expellers 

I 160, 5oo 

29.3 

Anderson  duo  expellers 

:  50,540 

9.2 

■ 

Anderson  RB  expellers 

•  15,100 

2.8 

Anderson  No.  1  expellers 

s  2,550 

0.5 

French  screw  presses  (174  presses) 

jl24>010 

22.7 

Unclassified  expellers  and  screw 

presses  (16  presses) 

!  12,800 

2.3 

Solvent  extraction  plants  (36) 

!  172, 013 

31.4 

Hydraulic  press  equipment 

\  10,000 

1.8 

Total  of  all  types 

: 547, 518 

100.0 

Operation  status 
Expellers  and  screw  presses 
Nov;  operating 
Under  construction 
Solvent  extraction  plants 
Now  operating 
Under  construction 
Hydraulic  press  equipment 
Now  operating 
Under  construction 


Total  now  operating 
Total  under  construction 
Grand  total 


:326,700 
:  38,800 

' 119, 358 
:  52,660 


59.7 
7.1 

21.8 
9.6 


10,000  1.8 
None 


=456,058 
:  91,460 


83.3 
16.7 


:365,500  66.8 


:  172,  01$ 


31.4 


10, 000 


1.8 


:  547, 518  100.0 


Table  2.0. -  Estimated  soybean  processing  capacities  of 
nine  largest 'operators  -  May  1945 


Processor  identification 


'roportion 
of  TJ.  5. 

total 
capacity 


Processor  A 
Processor  B 
Processor  C 
Processor  D 
Processor  E 
Processor  F 
Processor  G 
Processor  H 
Processor  I 

Total,  9  largest  operators 


Bu .  /  day      Du./yr .  ±- 


59,500 
58,500 
50,635 
49, 000 
22,400 
19, 100 
17,000 
16,300 
12,650 


1/ 


311,085 


20, 537,000 
20,241, 000 
17,519,710 
16,954,000 

6,608,600 
5,882,000 
5,639,BOO 
4,376,900 

107,635,410 


rerceirc 

10.9 

10.7 

o  n> 

3.9 
5.2 
3.5 
3.1 
3.0 
2.3 


56.3 


V  Basis  346  operating  days  per  year. 


Table  21.-  Capacity  of  soybean  mills  in  specified  areas,  excluding 
mills  crushing  soybeans  temporarily  or  loss  than  half  their 
operating  time  -  May  1945 


Area 

j  y.o.  of 

mills 

:  Soybean  :. 
:  capacity 

Proportion 
of  U.  3. 

total 
capacity 

Bu./day 

Percont 

Illinois 

*    •  33 

193,215 

35.3 

Iowa 

i  36 

107,830 

19.7 

Ohio 

:  17 

63,630 

11.6 

Indiana 

:  16 

56,723 

10.4 

Missouri 

7 

18,700 

3.4 

Kentucky,  Tennessee,  Arkansas 

8 

21,050 

3.8 

Kansas,  Nebraska  ; 

25,630 

4.7 

'Wisconsin,  Minnesota,  North  Dakota 

Michigan,  South  Dakota  j 

17 

29,490 

5.4 

New  York,  Pennsylvania,  Virginia 

California,  Colorado,  DoLr.mre  ; 

12 

31,200 

5.7 

Total  : 

160 

547,518 

100.0 

UTILIZATION  OF  SOYBEAN  OIL 

The  diversity  of  uses  to  which  the  soybean  and  its  various  products  arc 
put  are  shown  in  table  22  prepared  by  17.  J.  Horse  of  the  United  States 
Department  of  Agriculture.    Although  it  is  well  known  that  there  has  been 
a  rapid  Increase  in  the  industrial  use  of  soybean  oil,  the  extent  of  this 
increase  and  its  effect  upon  the  consumption  of  other  industrial  oils  may 
not  be  clear.    Since  soybean  oil  has  enjoyed  its  rise  to  prominence 
mainly  because  of  its  acceptance'  as  an  edible  oil,  its  increased  consump- 
tion has  occurred  at  the  expense  of  other  food  fats,  particularly  cotton- 
seed oil  and  lard.     In  the  few  years  preceding  ".ibrld  War  II,  a  serious 
over-supply  of  food  fats  .and  oils  in  this  country  resulted  in  drastically 
depressed  prices,  and  soybean  oil  was  a  leading  contributor  to  this  sur- 
plus.   Analysis  of  the  effect  of  the  introduction  of  soybean  oil  into  the 
established  fats  and  oi3.s  economy,  and  the  extent  of  the  upheaval  caused 
bv  this  "Intruder,"  is  the  purpose  of  this  section. 

The  increase  in  the  quantity  of  soybeans  crushed  and  the  growing  propor- 
tion of  the  quantity  crushed  to  the  quantity  produced  for  the  period  1924 
to  194-3  are  shown  in  table  13,  page  30.    As  production  increased  from 
5  million  bushels  in  1924.  to  187  million  bushels  in  194-2,  crushings 
ranged,  from  307,000  bushels  in  1924  (Oct,  1  -  Sept.  30)  to  77,000,000 
bushels  in  194-1  and  to  133  millions  in  194-2.    Similarly  the  proportion  of 
soybeans  crushed  increased  from  6,2  percent  of  the  1924-  crop  to  71  percent 
of  the  194-2  crop. 

The  increasing  importance  of  soybean  oil  in  our  economy  is  brought  into 
sharp  relief  by  examining  table  23."""  Of  the  total  factory  consumption  of 
vegetable  oils,  amounting  to  3.1  billion  pounds  in  1935,  only  91  million 
pounds,  or  approximately  3  percent  of  it,  was  soybean  oil,  whereas,  in 
194-4,  factory  consumption  of  soybean  oil  -amounted  to  1,036  million  pounds, 
a  quantity  representing  approximately  30  percent  of  the  3.5  billion  pounds 
of  all  vegetable  oils  consumed  as  a  raw  material  by  industry  in  that  year. 
Tilth  the  exception  of  1937  the  quantity  of  soybean  oil  consumed  annually 
in  industry  has  shown  an  uninterrupted  increase  since  1935.  Moreover, 
its  relative  importance  in  the  vegetable  oil  field  has  advanced  each  year 
except  for  slight  set-backs  in  1937  and  1941.    This  indicates  that,  al- 
though the  expansion  in  the  factory  consumption  of  soybean  oil  has  been 
given  impetus  since  1939  by  the  difficulty  encountered  in  importing  cer- 
tain oils,  the  enormous  expansion  in  use  of  soybean  oil  has  been  due  in 
Large  measure  to  its  versatility  in  utilization,  to  favorable  price- 
relationship,  to  tariff  protection/^"""  and  to  the  aggressiveness  of  agri- 
cultural leaders  in  encouraging  soybean  culture  and.  of  processors  in 
urging  the  acceptance  of  soybean  products  in  industry  and  elsewhere. 


""Table  2Jk  compares  factory  consumption  and  total  apparent  domestic  dis- 
appearance.   The  discrepancies  between  the  totals  for  factory  consump- 
tion in  tables  23  and  2~3A  may  be  ascribed  to  the  use  of  different 
sources  of  data,  and  to  the  fact  that  most  of  the  data  are  preliminary 
(see  also  footnote  l/  of  table  23). 
-::-:;-Soybean  oil  -  3-1/2  cents  per  pound  but  not  less  than  45  per  centum  ad 
valorem.    Soybeans  -  2  cents  per  pound,.    Soybean  oil-cake  and  soybean 
oil-cake  meal  -1/5  cent  per  pound.    Soybeans,  prepared  or  preserved  in 
any  manner  -  6  cents  per  pound. 
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Figure  3»-  Outline  of  soybean  utilization 
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Table  23  shows  also  the  factory  consumption  of  the  various  other  vege- 
table oils  and  their  relative  Importance  for  the  years  1935  to  1944» 
It  will  be  noted  that  along  with  soybean  oil,  the  relative  positions  of 
linseed  and  corn  oils  have  likewise  appreciated,  although  not  so  greatly 
as  soybean  oil.  .   ,  . 

Previous  to  1935  soybean  oil  in  the  United  States  was  used  principally 
in  paints  and  varnishes.    Since  that  date,  however,  70  to  93  percent  of 
annual  factory  consumption  of  soybean  oil  has  been  in  the  food  industries 
2  to  20  percent  in  the  drying  oil  industry,  .1  .to-  6  percent  in  the  soap  in 
dustry,  and  1  to  5  percent  in  miscellaneous  uses.    Loss,  including  "foots 
has  accounted  for  4  to  9  percent  (sec  table  24). 

The  quantity  and.  the  relati  ve  importance  of  -soybean  ,oil  consumed  in  indus 
try,  by  classes  of  products,  as  compared  to  all  vegetable  oils,  are  shown 
in  table  25.  This  table  reveals  an  increased  use  of  soybean  oil  in  all 
products  using  oils  as  a  baric  constituent.  The  greatest  increases  shown 
were  in  food  uses,  but  substantial  increases  also  worse  shown  in  the 
quantity  consumed  in  the  drying  oil  industries  and  for  miscellaneous  uses 
except  during  the  YJar  period  1942-44. 

In  order  to  examine  in  detail  the  utilisation  and  economic  status  of  soy- 
bean oil  and  to  determine  how  its  use  nas  affected  the  consumption  .of 
other  vegetable  oils,  it  is  perhaps  best  to  consider  separately  each 
class  of  product  -in  which  oils  are  a  basic  constituent.     These  classes  of 
products,  as  reported  by  the  Bureau  of  Census  and  as  they  appear  in 
tables  24  and  25  are:    Shortening-,  margarine,  -other -edible  products,  soap 
paint  and  varnishes,  linoleum  and  oil  cloth,  printing  inks]  miscellaneous 
products,  and  loss   (including. "foots" ) .     Each  of  these  products  is  here- 
inafter considered  individually  and  the  situation  as  regards  soybean -'oil 
within  each  class  of  product  sincL.  1935 'is  considered,  except  that  no 
special  reference  will  bo  made  to  the  effect  of  Jo rid  Jar  II  on  consump- 
tion and  importation  of  vegetable  oils. 

Shortening 

The  shortening  industry  is  the  largest  individual  consumer  of  vegetable 
oils,  consuming  for  the  period  l°05r41  an , average , of  about  1-1/3  billion 
pounds  annually  (table  26).     Cottonseed  oil  is  used  to  the  largest  ex- 
tent for  this  purpose,  contributing  on  the  a.voragc,  about  72  percent  of 
this  amount  (table  27).  ..The  quantity  of  soybean  oil  used  in  shortening 
increased  from  52.5  million  pounds  in  1935  to  approximately  620  million 
pounds  in  1944  (table  25),  or  an  Increase "from  4  to '52  in  the  percentage 
of  total  uses  during  the  period.     In  shortenings,  soybean  oil  is  used 
either  alone  or  blended  with  other  fats  and  oils.    Since  shortenings  com- 
pete directly  with  lard,  and  constitute  the  largest  single  usage  of  soy- 
bean oil,  the  price  of  soybean  oil  has  fluctuated  more  or  less  in 
accordance  vrith  that  of  lard  during'  recent  years,  '  In  table  27  are  pre- 
sented data  showing  the  relative  importance  of  the  various  oils  consumed 
in  the  shortening  industry  for  the  period  1935-1944. 
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Table  25.-  Factory  consumption  of  soybean  oil  by  classes  of  products: 
Quantity  consumed,  and-  percentage  that  soybean  oil 
is  of  total  vegetable  oils 


Lor.  s  2/ 
(include 

i:  Lg  foots) 


.car 


.Shorten- 
ing 


:0thcri/..  :     .     :.  Faint- : Linoleum:       k.  :Kiscol 
kar~  edible     :5oaP  ;    and    :    and  -.Isnooui 


Sarine  products 


: varnish: oil  cloth: 


Quantity  consuried  -  million  pounds 


1935 

:  52.5 

1.7 

9.4 

2.5 

13.0 

4»3 

0.1 

1.7 

5.5 

1936 

113.9 

14.3 

21.6 

5.0 

14.5 

2.9 

0.1 

3.4 

9.0 

1937 

90.8 

31.8 

15.6 

10.3 

16.1 

0.9 

0.1  • 

3.0 

9.9 

1938 

137.1 

39.9 

11.3 

■10.9 

15.2 

3.6 

0.1 

-> 

14.0 

1939  . 

201.6 

70.8 

32.3 

11.2 

'21.7 

b.4 

0.1 

9.3 

16.3 

1940 

212.3 

87,1 

40.0 

17.6 

29.8 

7.3 

0.1 

16.5 

20.9 

1941  . 

216.0 

75.6 

43.0 

24.7 

41.6 

7.7 

.  0.3 

23.4 

26.4 

1942V  ' 
19435''/ 

335.5 

133.3 

60.8 

25.3 

0.3 

0.1 

:  7.3 

16.5 

568.4 

198.0 

124.6 

•  UrO 

IB  •  4  ■ 

0.2-  • 

0.04 

17.0 

1944.V  ' 

£0  n  t 
G<C  U  .  J 

191.6 

124.4 

3.3 

19.1 

0.05 

0.02 

30.7 

Percentage  that  soybean  oil  it 


total  vo'.ctablc  oils 


1935 

'  3.8 

0.6 

3.0 

0.6 

.  3..5.  . 

.  7..  3-  - 

0,6; 

2.0 

2. .6 

1936 

8.1 

4.8 

6.1 

1.1 

3.6 

3.4 

0.5=  . 

n  0 
.  ■»<• 

4.4 

1937 

6.1 

10.3 

3.9  . 

1.8 

3.7 

1.1 

0  a  4' 

2.6 

193S 

9.9 

13.6 

3.1 

2.1 

5.1 

0.5; 

6.4 

6.0 

1939 

15.6 

31.4 

7.8. 

1.9 

5.5 

7.1 

0.5: 

9.4 

1940 

19.1 

37.4 

8.6 

3 . 1 

•7.4'  " 

'7'. 5'  ' 

0.5; 

13.4 

14.4 

1941 
I942V 

16.7 

28.5 

9.3 

3.6 

1  »v 

6.3 

1.0, 

13.0 

14.3 

29.7 

43.3 

10.5. 

11.7 

5.2 

0.3 

0.6- 

5/ 

5/ 

194347/ 
19442/ 

46.9 

42.6 

16.5 

6.1 

4,4 

0.3 

0.2- 

;1 

5/ 

52.4 

42.5 

20.6' 

1.7 

.0.1-  , 

0.1 

V 

1/  Mayonnaise,  salad  dressings,  cooking  oils,  etc. 

2/  Includes  cutting  fluid,  core  oils,  candles,  lamp .oil,  livestock  fly  spray, 
rubber  substitutes,  sticker  for  lead  arsenate  spray,  waterproofing  cement, 
ct  cetera. 

2/  Mostly  foots,  usee  chiefly  in  soap. 

4/  Those  data  are  only  approximate.     Changes  in  methods  of  reporting  factory 
consumption  occurred  both  in  1942  and  1944,  causing  difficulties  in 
summarizing  these  data  in  a  comparable  form  -with  earlier  years.    They  are 
as  nearly  comparable  as  is  possible  to  obtain. 

5/  Residual  items  -  not  strictly  comparable. 


Source:    Compiled  from  Bureau  of  Census  Reports. 
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Margarine 


During  the  period  1935-41  -the  annual  factory  consumption  of  vegetable  oils 
in  the  margarine  industry  averaged  about  270  million  pounds ,  or  8  percent 
of  all  vegetable  oils.    For  the  period  194-2-44  factory  consumption  has 
averaged  408  million  pounds.    Since  1935  significant  shifts  have  occurred 
in  the  proportion  of  various  oils  which  are  used  for  this  purpose.  In 
1935  coconut  oil  made  up  61.7  percent  (table  28)  of  all  vegetable  oils 
used  in  margarine,  soybean  oil  contributed  0.6  percent,  and  cottonseed  oil 
35.2  percent.    In  1941  the  percent  of  margarine  made  from  coconut  oil 
declined  to  11.2  percent,  while  the  consumption  of  soybean  oil  for  this 
purpose  rose  to  28.5  percent,  and  of  cottonseed  oil  to  56.6  percent  of  the 
total.     By  1944  the  use  of  coconut  oil  had  ceased  v.rhilc  soybean  oil  had 
increased  to  almost  50  percent.    Those  shifts  have  been  continuous  (i.e., 
accumulative  from  year  to  year)  from  1935  to  1941  and  so  apparently  were 
not  the  result  of  an  abrupt  shutting  off  of  coconut  imports.    In  table  27 
data  are  presented  which  show  the  relative  importance  of  various  vege- 
table oils  in  the  margarine  industry  over  the  1935-44  period. 

Other  Edible  Products 

The  factory  consumption  of  vegetable  oils  for  "other  edible  products" 
(mayonnaise,  salad  dressings,  cooking  oils,  etc.)  increased  from  approxi- 
mately 10  percent  of  all. uses  in  1935  to  approximately  14  percent  in  1941 
and  to  17  percent  in  1944  (table  26).    In  these  uses  cottonseed  oil  is 
by  far  the  heaviest  contributor,  accounting  for  from  45  percent  in  1935 
to  60  percent  in  1944  (table  29).    The  proportion  accounted  for  by  soy- 
bean oil  in  the  manufacture  of  these  products,  increased  from  3  percent 
to  25  percent  during  the  same  -period.  -  Coconut  oil  and  sesame  oil  have 
been  the  oils  which  chiefly  have  decreased.    These  shifts  arc  shown  in 
table  29. 


The  total  and  relative  amounts  of  vegetable  oils  used  in  the  manufacture 
of  soap  have  been  increasing  (table  26).    The  quantity  used  increased 
from  a  little  over  400  million  pounds  -in  1935  to  almost  700  million  in 
1941  but  decreased  thereafter  to  about  200  million  pounds  in  1944.  In 
1935^  2-1/2  million  pounds  of  soybean  oil  was  used  in  the  manufacture  of 
soap,  whereas  in  1941  this  amount  increased  ten-fold,  or  to  25  million 
pounds.    In  1944  the  amount  decreased  to  3  million  pounds  (see  table  25). 
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Since  the  total  quantity  of  vegetable  oils  going  into  soap  was  increasing 
simultaneously  during  the  pre-war  period,  the  relative  importance  of  soy- 
bean oil  in  soap  manufacture  showed  only  a  six-fold  increase,  or  from  0.6 
to  3*6  in  percent  of  total  vegetable  oils  so  used  (table  30).    There  are 
two  reasons  for  the  relatively  small  proportion  of  soybean  oil  used  in 
soap  in  comparison  with  ether  oils.    First,  because  of  its  high  content 
of  fatty  acids  having  lo  carbon  atoms,  soaps  made  from  soybean  oil  do  not 
have  the  free  lathering  properties  characteristic  of  those  containing 
larger  proportions  of  palmitic,  myristic,  and  lauric  acids.  Secondly, 
the  yield  of  glycerine  obtained  in  oaking  soap  from  soybean  oil  is  con- 
siderably less  than  when  other  oils  containing  more  short  chain  fatty 
acids  are  used. 

Coconut  oil  is  the  chief  oil  used  in  soap,  and  its  use  for  this  purpose 
has  been  increasing.    In  1935,  56  percent  of  all  vegetable  oils  going  into 
soap  was  coconut,  while  in  1944,  nearly  70  percent  was  of  that  type. 
During  the  same  period  the  proportion  of  rape seed  and  palm  oils  generally 
declined.    Table  30  shows  in  detail  the  relative  utilization  of  the  vari- 
ous oils  in  soap  manufacturing. 

Paint:,-;  and  Varnishes 

Paints  and  varnishes,  on  the  average,  account  for  approximately  12  percent 
of  the  factory  consumption  of  vegetable  ■  oils  (table  26).    There  is  a  large 
amount  of  oil,  especially  linseed,  however,  which  goes  into  paint  and  var- 
nishes by  hand -mixing  and  is  not  accounted  for  by  these  figures  which  show 
only  factory  consumption.    Linseed  oil  is  the  oil.  most  extensively  used 
for  the  production  of  paint  and  varnishes,    .Its  factory  consumption  in- 
creased from  230  million  pounds,  or  61  percent  of  all  oils  so  used,  in 
1935  to  374  million  pounds,  or  71  percent,  in  1941,    By  1943  the  amount  of 
linseed  oil  used  increased  to  33  percent  but  i*t  1944  decreased  to  77  per- 
cent (table  31).    Soybean  oil  used  in  paints  and  varnishes  increased  from 
13  million  pounds  in  1935  to  42  million  ■pounds  in  194-1  (table  25),  an  in- 
crease from  3.5  to  7.9  in  percent  of  all  vegetable  oils  used  by  factories 
for  the  production  of  paints  and  varnishes  during  this. period.    During  the 
years  1942-44  the  use  of  soybean  oil  gradually  decreased  to  3,8  percent. 

There  are  two  general  types  of  drying  oils  used  in  paints  and  varnishes. 
The  first  is  exemplified  by  tung  oil,  which  is  normally  imported  from 
China.    During  recent  years  the  supplies  of  this  oil  were  curt. iled  through 
shipping  difficulties  incidental  to  the  war,  and  a  number  of  substitutes 
therefore  were  introduced.    Most  important"  of  these  is  dehydrated  castor 
oil,  but  Brazilian  oiticica  oil  has  also  been  employed  extensively.  These 
oils  are  particularly  valued  because  of  their  fast-drying  properties  and 
the  water  resistance  of  their  film. 
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The  second  group  of  drying  oils  is  exemplified  by  linseed  oil,  which  is 
slower  drying  than  tung  oil  and  which  does  not  yield  films  having  the 
high  water  resistance  which  characterizes  tung  oil  products.  Soybean 
oil  belongs  to  this  class.    However,  its  higher  content  of  saturated  and 
oleic  acids  makes  it  considerably  inferior  to  linseed  oil  in  most  of  its 
drying  properties.    Because  of  the  shortage  of  tung  oil  and  certain 
other  oils  of  similar  drying  characteristics,  efforts  are  being  made  to 
replace  them  with  linseed  and  soybean  oils  Wherever  possible.    In  many 
cases,  a  degree  of  water  resistance  comparable  to  that  of  tung  oil  may 
be  achieved  by  incorporating  certain  synthetic  resins  with  bodied  lin- 
seed and  soybean  oils.    A  more  recent  development  in  the  tung  oil  sub- 
stitute field  is  the  isomerization  of  the  lino lei c  and  linolenic  acids 
in  soybean  and  linseed  oils  in  order  to  make  a  product  similar  to  tung 
oil.    The  commercial  production  of  these  materials  is  very  small  at 
present.    The  relative  use  of  the  various  vegetable  oils  in  paints  and 
varnishes  for  the  years  1935-4-4-  are  shown  in  table  31. 


Linoleum  and  Oilcloth 

From  67  to  122  million  pounds  (table  26),  or  about  2  to  3  percent  of  the 
total  factory  consumption  of  vegetable  oils,  went  into  linoleum  and  oil- 
cloth during  the  1935-41  period.    From  1942  to  1944  it  decreased  from 
108  million  pounds  to  82  million  pounds.    Linseed  is  the  predominating 
oil  in  this  industry,  contributing  62  percent  of  the  total  factory  con- 
sumption in  1935,  90  percent  in  1941,  and  98  percent  in  1944  (table  32). 
Soybean  oil  showed  no  consistent  trend  throughout  the  period,  varying 
from  a  high  of  7.5  percent  of  the  total  in  1940  to  a  low  of  1.1  percent 
in  1937.    Beginning  in  1942  its  use  has  been  negligible.    Per ilia  and 
tung  oils  were,  until  1940,  next  to  linseed  in  importance,  but  since 
1941  the  use  of  these  oils  has  been  negligible.    Table  32  shews-  the 
status  in  use  of  the  various  oils  within  the  linoleum  and  oilcloth  in- 
dustries for  the  1935-44  period. 

Printing  Inks 

Seventeen  million  pounds  (table  26)  of  vegetable  oils  wore  consumed  by 
the  printing  ink  industry  in  1935,  82.7  percent  (table  33)  of  this  was 
made  up  of  linseed  oil,  11.6  percent  of  tung  oil,  4.6  percent  of  pcrilla 
oil,  and  only  0.6  percent,  or  100,000  pounds,  of  soybean  oil.  The 
factory  consumption  of  vegetable  oils-  for  the  production  of  printing 
inks  increased  to  almost  29  million  pounds  in  194L    Soybean  oil  con- 
sumption for  this  purpose  increased  from  100,000  pounds  to  300,000 
pounds  or  from  a  position  representing  0.6  percent  of  the  total  used  to 
one  representing  1.0  percent.    In  table  33  is  /shown,  for  the  1935-41 
period,  the  proportionate  consumption  of  the  various  oils  in  the  produc- 
tion of  printing  inks.    For  the  period  1942-44  linseed  oil  was  used  al- 
most exclusively. 
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Miscellaneous  Products 


Miscellaneous  products,  including  cutting  fluid,  core  oils,  candles,  lamp 
oil,  livestock  fly-spray,  rubber  substitutes,  sticker  for  lead  arsenate 
spray,  waterproofing  cement,  etc.,  are  a  rather  small,  but  growing^  out- 
let for  vegetable  oils.    In  1935  approximately  37  million  pounds  or  2.3 
percent  of  the  factory  consumption  of  vegetable  oils  for  all  purposes 
Trent  into  these  uses   (table  26).    In  194-1,  180  million  pounds  wore  so  used, 
a  quantity  representing  4.7  percent  of  the  total  of  vegetable  oils 
(comparable  data  arc  not  available  for  the  period  1942-44).    Falm,  linseed, 
and  soybean  oils  are  the  largest  individual  contributors  to  these  uses. 
Since  1935  the  use  of  soybean  oil  increased  from  a  position  representing 
2.0  percent  to  one  representing  13.0  percent  of  the  total  of  vegetable  oils 
used  for  these  purposes.    Table  34  shows  the  percentage  of  total  consumption 
of  vegetable  oil  for  miscellaneous  uses  contributed  by  each  of  the  vegetable 
oils  so  used. 

Table  34.-  Percent  of  specified  oils  used  in  the  manufacture  of 
miscellaneous  products  V  in  relation  to  the  total  factory 
consumption  of  vegetable  oils,  1935-41±/ 


oils  ; 

1935  ; 

1936  ; 

1937  ; 

1933  ; 

1939  ; 

1940  ; 

1941 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Paibm  • 
Soybean  : 
Linseed  ' 
Rapeseed : 
Coconut  : 
Corn 

Tung  .  : 
Per ilia  : 
Other  : 

19.7 
2.0 
4.3 

12.5 
4.0 
4.4 
3.9 
4.5 

44.2 

23.3 
.  3.2 
5.2 
9.7 
3.7 
3.8 
3.6 
6.8 

40.7 

28.7 

2  A 
14.2  ■ 

6.5' 

5.9 

3.4 

4.0 
.9 
33.8 

24.1 
6.4 

10.0 
5.3 
4.4 
4.0 
3.5 
.  ..5 

41.3 

26.7 
3,4 
9.5 
5.8 
3.5 
1.4 
'?  2 
1.1 

26.3 
13.4 
10.6 
7.1  . 
3.7 
1.7 
.6 
.4 
.  36.2 

24.3 
13.0 
15.3 
7.9 
4.3 
1.6 
.2 
.2 
32.2 

Total  ;  100.0        100.0        100.0        100.0        100.0        100.0  100.0 


-  Includes  cutting  fluid,  core  oils,  candles,  lamp  oil,  livestock  fly- 
spray,  rubber  substitutes,  etc. 

2/  Because  of  the  change  in  reporting  of  factory  consumption  which  took 
place  in  1942,  the  data  for  miscellaneous  products  is  not  comparab  Le 
for  1942-43-44.  , 

Source:     Computed  from  Bureau  of  Census  Reports. 


Soybean  oil  has  been  handicapped  in  come  respects  by  the  fact  that  it  falls 
about  midway  between  the  edible  and  the  drying  oils  in  many  of  its  proper- 
ties.   Like  most  naturally  occurring  materials ,  it  is  a  mixture  of  chemi- 
cal compounds  having  widely  differing  characteristics,  and  it  has  been 
found  possible  to  separate  these  compounds  by  recently  developed  fractiona- 
tion processes.    Distillation  of  the  free  fatty  acids  has  been  practiced  on 
a  modest  scale  for  several  years  to  achieve  this  objective,  and  liquid- 
liquid  extraction  has  more  recently  received  attention.    Methods  have  been 
developed  and  will  undoubtedly  find  extensive  application  for  separating 
soybean  oil  into  two  fractions,  one  being  better  for  drying  purposes  and 
the  other  far  superior  for  food  uses  than  the  original  oil. 

.Jew  Developments 

Linolcic  acid,  which  comprises  55  to  60  percent  of  the  acids  in  soybean 
oil,  is  an  extremely  valuable  starting  material  for  the  industrial  manu- 
facture of  synthetic  polymers  because  it  readily  combines  with  itself  to 
form  long-chain  dibasic  acids.    These  can  be  chemically  altered  in  many 
ways  and  subsequently  polymerized  to  form  a  wide  variety  of  resinous  ma- 
terials having  useful  properties.    The  importance  of  linolcic  acid  in 
polymerization  processes  has  not  been  fully  appreciated  in  the  past,  but 
recent  developments  indicate  a  possible  major  expansion  in  the  use  of  soy- 
bean oil  as  an  industrial  raw  materia].. 

Two  of  the  many  new  products  developed  from  soybean  oil  by  the  northern 
Regional  Research  Laboratory  arc  Norcpol  and  Nor c lac •    The  former  is  an 
elastic  vulcanizable  polymer,  prepared  from  the  fatty  acids  of  the  soy- 
bean oil.     It  is  a  rubber  substitute  which  can  be  used  for.  some  of  the 
things  rubber,  is  used  for,  or  mixed  with  real  rubber  as  an  extender.  It 
does  not  have,  the  stre.tch  and  strength  of  natural  rubber  but  is  satis- 
factory for  such  uses  as  insulation,  rubber  heels,  tubing,  gaskets,  and 
water-proof  coatings.    During  the  early  part  of  1945,  five  commercial 
concerns  were  producing  this  product  at  the  rate  of  about  70  tons  a  month, 
but  later  its  production  was  reduced  because  of  a  world  shortage  in  vege- 
table oils,  which  forced  the  allocation  of  soybean  oil  chiefly  to  other 
uses . 

Norclac  is  a  thermoplastic  material.    It  is  useful  as  a  heat-sealing, 
moisturcproof ing,  and  laminating  agent  for  the  packaging  of  foods,  chemi- 
cals, and  other  materials. 
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UTILIZATION  OF  PROTEIN  FRACTION 
Foed 

The  soybean  oil  meal,  or  oil  cake,  which  remains  after  beans  are-  proc- 
essed for  oil  is  a  High-pro toin  product  v.hich  is  used  principally  for 
feeding  purposes.    It  is  highly  nutritious  and  is  relished  by  all  kinds 
of  livestock.    Nutritional  research  in  recent  years  has  shown  the  need 
for  maintaining  in  mixed  feeds  a  much  higher  protein  level  than  had 
formerly  been  thought  necessary.    These  findings  have  resulted  in  a 
vigorous  educational  program  by  many  of  the  state  agricultural  experi- 
ment stations,  feed  manufac turers,  and  other  groups,  and  a  marked  trend 
toward  greater  consumption  of  protein  supplements  has  thereby  baoti 
created.    It  is  generally  claimed  that  even  the  protein  level  now  used 
in  the  stock  feeding  industries  is  considerably  be  lev/-  the  optiinur.,  and 
a  continuance  of  the  trend  toward  higher  protein  consumption  therefore 
seems  inevitable.    The  ouoply  of  soybean  oil-  meal  per  crop  increased  from 
613,000  tons  in  1935  to  3", 200, 000  tons  in  1942. 

Soybean  oil  meal  has  been  found  equal  or  superior  to  other  commonly  used 
protein  supplements  for  milk  and  butterfat  production^-/ ,     jn  the  feeding 
of  hogs,  a  mixture  of  soybean  oil  tidal  and  bone  meal  has  been  found  iust 
as  effective  a  protein  supplement  as  the  much-used  linseed  meal- tankage 
combination^^/.    As  a  part-  of  poultry  .rations,  the  National  Research 
Council  recommends  as  a  war-time  economy  measure  that  soybean  oil  meal  be 
substituted  for  dried  milk.     In  feeding  soybean  oil  meal,  as  in  feeding 
most  other  protein  supplements,  it  is  important  that  an  adequate  mineral 
supplement  be  incorporated  in  the  ration. 


Food 

The  most  important  protein  food  product  from  soybeans-  is  soy  flour,  the 
production  of  vJiich  has  been  described  in  a  previous  section.     It  has 
many  uses,  one  of  which  is  as  a.  bleaching  agent  in  bread.    A  very  small 
proportion  of  soy  flour  has  been  found  effective,  apparently  through  en- 
zyme action,  for  whitening  unbleached  wheat  flour  by  destruction  of  cer- 
tain pigments.     In  much  higher  proportions — up  to  20  percent — It  rt.-.y  be 
used  as  an  addition  agent  to  wheat  flour,  since  it  is  a  potent  nutrient- 
fort  if yinfr  agent. 


ii./  If.  B.  Nevens.    Soybean  meal  as  a  feed  for '  dairy  cattle,  university 
of  111.,  College  of  Agriculture  D  362  (±%0) . 

12. 

'••  E.  Carroll.  Soybean  oil  meal,  a  valuable  protein  supplement  for 
swine.    University  of  111.,  College  of  Apiculture,  AH  3.012  (1940). 


-  76  - 


According  to  LeClerc  r.nd  Grcwead'  ,  soy  flour,  compared  to  patent  wheat 
flour,  contains  1$  times  as  much  calcium,  7  times  as  much  phosphorus, 
10  times  as  much  iron,  10  times  as  much  thiamin,  9  times  as  much  ribo- 
flavin, and  5  times  as  much  niacin.    It  is  4  to  5  times  as  rich  in  pro- 
tein and  10  times  as  rich  in  total  minerals.    Full-fat  soy  flour 
contains  approximately  20  percent  fat  and  4-0  percent  protein;  the  ex- 
peller  or  medium-fat  type  of  flour  contains  about  7  percent  fat  and  Ifi 
percent  protein;  and  the  solvent  extracted  or  low-fat  typo  has  approxi- 
mately 1  percent  oil  and  50  percent  protein.    Starch  is  substantially 
absent  in  all  typos. 

The  use  of  soy  flour  in  bread  has  several  distinct  advantages.    It  not 
only  greatly  increases  the  protein  content,  but  it  also  contributes 
certain  proteins  that  'are  lacking  in  wheat  flour,  thereby  furnishing  a 
much  more  complete  or  balanced  protein.    A  certain  percentage  of  soy 
flour  has  also  been  found  beneficial  in  the  manufacturing  of  sweet  goods, 
doughnuts,  cakes,  and  similar  articles  to  improve  their  texture.  Bo- 
cause  of  its  high  protein  and  low  carbohydrate  content,  soy  flour  is 
extensively  used  in  the  preparation  of  foods  for  diabetics. 

In  the  field  of  moat  extenders,  cereal  and  vegetable  flours  havu  been 
used  for  a  considerable  time,  their  functions  being  to  increase  the 
amount  of  product  and  to  retain  certain  amounts  of  the  meat  juices  that 
arc  normally  lost  during  cooking.    Soy  flour  and  soy  grits  have  more  re- 
cently proved  greatly  superior  in  this  application,  for  they  fulfill  the 
ordinary  requirements  of  a  binding  agent  for  meats,  such  as  sausage,  and 
also  contribute  to  the  protein  content  of  the  mixture.    For  such  pur- 
poses they  are  used  in  -widely  varying  pre  portions,  10  to  15  percent  of 
soy  grits  being  a  common  mixture . 

During  "Jorld  "Jar  II,  the  need  for  protein-containing  foods  both  in  our 
own  diets  and  for  lend-lease  and  rehabilitation  resulted  in  extremely 
large  increase;:  in  the  United  States  production  of  soy  flour,  and  in 
1944  the  production  capacity  was  increased  to  nearly  a  billion  and  a 
haJfM/  pounds  per  year.    Many  of  the  soy  flour  producers  are  organized 
as  the  Soy  Flour  Association,  381C  Board  of  Trado  Building,  Chicago  4, 
111.    This  group  conducts  and  sponsors  educational  and  research  work  on- 
edible  soy  products. 

Oil-free  soybean  flakes  are  used  in  the  brewing  industry.     The  protein 
is  also  used  to  prepare  foods  such  as  "Tofu, "  or  bean  curd,  which  is 
indispensable  in  the  diets  of  many  Orientals.    Various  spreads,  soy 
sauce,  and  similar  specialties  are  also  made  from  the  protein  fraction, 
both  in  the  United  States  .and  in  the  Orient. 


i2'  IcC.erc,  J.  A.  and  Growe,  Emily.    Soybrcau.    A  bread  enriched  ./ith 
minerals  and  vitamins.    Soybean  Digest  3  (1),  3-9  (1942). 

14/  Soya  food  is  here  to  stay.    Soybean  Digest  4  (6),  19  (1944) • 


Soy  mi  11c  is  manufactured  by  grinding  soybeans  with  water 3  separating  the 
pulp,  and  concentrating  the  resulting  protein  dispersion.    It  is  forti- 
fied v/ith  fat,  calcium,  vitamins,  etc.,  to  produce  an  excellent  substi- 
tute for  cow's  milk*    Production  in  the  United  .States  is  snail  because  of 
the  abundance  of  cows'  milk 5  but  in  the  Orient,  where  dairying  is  prac- 
tically non-existent,  it  is  used  quite  extensively ,  particularly  for  in- 
fant feeding. 

Edible  soybean  varieties  are  available  both  fresh  and  'canned  and  in  dried 
or  green  form.    They  provide  a  very  palatable  dish  arid  are  unique  in  that, 
despite  their  physical  resemblance  to  ordinary  beans,  they  contain  a 
large  amount  of  protein  and  fat  and  little  or  no  starch.    Soybean  sprouts 
are  also  used  to  some  extent  in  various  foods,  and  soybeans  that  have  been 
roasted  and  salted  are  marketed  as  a  food  tidbit. 

The  Division  of  Forage  Crops  and  Diseases,  Bureau  of  Plant  -  Industry,  Soils 
and  Agricultural  Engineering,  11.  S.  Department  of  Agriculture,  has  com- 
piled a  list  entitled  "Firms  Manufacturing  or  Handling  Soybean  Food 
Products,"  which  is  available  for  distribution  and  which  contains  the  name 
of  73  companies  and  36  different  types  of  soy  food  products. 

Industrial 

The  industrial  utilization  of  soybean  meal  and  protein  is  probably  still 
in  an  early  stage  of  development.    The  use  of  soybean  meal  in  plastic 
molded  articles  has  been  over-publicized  in  some  circles.    Although  no 
statistics  on  the  subject  are  available,  it  is  known  that  the  tonnage  thus 
consumed  is  practically  negligible.    Like  casein,  soybean  protein  when 
condensed  witl  f ornialdo hyde ,  has  its  thermoplastic  properties  greatly  re- 
duced.   However,  its  water  resistance  is  low,  and  it  is  therefore  used 
only  in  admixJure  with  more  moisture -resistant  resins,  principally  of  the 
phcnol-f ormaleohydc  type.    Only  solvent  extracted  meal  has  been  found 
satisfactory,  for  any  appreciable  content  of  oil  is  forced  out  in  the 
molding  operation,  to  the  detriment  of  the  finished  article.1 

The  use  of  either  soybean  protein  or  the  oil-free  meal  in  plastic  mold- 
ing powders  u  idoubtcdiy  has  considerable  possibility,  but  their  utility 
in  this  field  is  handicapped  by  the  present  deficiency  of  knowledge  about 
certain  chemical  and  physical  aspects  of  the  protein  molecule.    As  now 
used  in  molding  powders,  soybean  meal  contributes  in  some  degree  to  the 
plastic  properties  of  the  mixed  resins,  but  its  function  is  principally 
that  of  a  filler  and  extender  for  the  more  expensive  resin  with  which  it 
is  admixed. 

A  much  more  important  industrial  use  for  soybean  meal  is  the  commercial 
production  of  a  purified  protein  fraction  which  is  used  in  the  paper 
coating  ar.d  allied  fields.    Solvent  extracted  soybean  flakes  are  leached 
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with  water  to  dissolve  the  protein,  which  is  subsequently  purified  and 
precipitated  from  solution  in  relatively  pure  form.    Paper  sizes,  ad- 
hesives,  and  various  coatings  are  mp.de  from  this  product,  and  during 
World  War  II  large  quantities  were  used  in  fire -fighting  foams*  An 
alkaline  dispersi  on  of  the  protein  can  be  forced  through  spincrcttos 
to  make  synthetic  fibers,  in  a  manner  analogous  to  the  manufacturing 
of  rayon.    However,  the  production  of  soybean  fiber  is  still  in  the 
experimental  s  tage . 

Glues  for  use  in  the  plywood  industry  are  made  from  soybean  meal.  In 
this  application,  the  presence  of  a  certain  amount  of  oil  is  not  detri- 
mental, and  it  is  therefore  possible  to  use  expellor  type  soybean  oil 
meal.    Definite  figures  are  not  available,  but  it  is  estimated  that  the 
amount  of  soybean  oil  meal  thus  used  amounts  to  between  1/2  and  1  per- 
cent of  the  total  domestic  production. 

Soybean  oil  meal  and  ground  soybeans  are  used  to  some  extent  as  fer- 
tilizer 3  for  example,  on  tobacco  land  and  lawns.     Other  industrial  uses 
of  the  protein  arc  of  minor  importance,  examples  being  binders  for  core 
sands  and  spreaders  for  insect  sprays. 
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